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FOREWORD 

This rig monitoring program was a part of the overall study of the 
South Texas Outer Continental Shelf (STOCS) conducted on behalf of the 
U .S . Bureau of Land Management . The purpose of this monitoring program 
was to determine any spatial and temporal impacts on the immediate envir-
onment resulting from exploratory drilling activities . 

This study was the result of the combined efforts of scientists and 
support personnel from the University of Texas, Texas A&M University and 
the U .S . Geological Survey. Cooperation of AMOCO representatives was 
appreciated . 
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CHAPTER ONE 

INTRODUCTION 

Background 

In 1974, the Bureau of Land Management (BLM), as manager of the 

__er Continental Shelf Leasing Program, was authorized to initiate a 

National Outer Continental Shelf Environmental Studies Program. The 

broad objectives of this program, as stated by the BLM, are : 

(a) to provide information about the Outer Continental Shelf (OCS) 

environment to enable the Department of the Interior to make management 

decisions regarding OCS oil and gas development ; and 

(b) to fill environmental information needs of management, regulatory 

and advisory agencies, both Federal and State, for a broad range of OCS 

activities, including the preparation and review of environmental impact 

statements under the National Environmental Policy Act (NEPA) of 1969, 

issuance of regulations and permits, and implementation of certain other 

laws, such as the OCS Lands Act, Fish and Wildlife Coordination Act, the 

Coastal Zone Management Act, and counterpart state laws . 

The National Outer Continental Shelf Environmental Studies Program 

consists of three basic elements : (1) baseline studies, which are conducted 

during the pre-development period ; (2) long-term monitoring studies ; and, 

(3) special studies, which may occur dining the baseline and monitoring 

studies phases . 

To accomplish the objectives of this program for the South Texas Outer 

Continental Shelf (STOCS), the BLM developed the Marine Environmental 

Study Plan for the South Texas Outer Continental Shelf . This plan called 

for an initial three year period of intehsive study . The first year of 

this study (1975) was dedicated to the development of a biological, chemical, 
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geological and physical baseline . The objectives for the second year (1976) 

were to begin assessing the impacts of petroleum exploration and develop-

meat and to expand the baseline effort to gain additional environmental 

information beyond that collected in the first year . To begin assessing the 

impacts of petroleum exploration and development, pre-, during- and post-

drilling surveys of a typical exploratory drilling rig were made during the 

period, September 1976 through March 1977 . The results of this rig moni-

toring program are reported herein . 

Purpose and Scope 

The purpose of this monitoring program was to determine say spatial 

and temporal impacts on the immediate environment resulting from explora-

tory drilling activities . Assessments of biological, physical, chemical, 

geological and meteorological aspects of the environment in the vicinity 

of a typical exploratory drilling rig were made . Both descriptive and 

benchmark data were collected for comparison with the data base being 

established by the STOCS baseline surveys . 

Description of the Study Area 

Biological Setting 

The Texas coastal area is biologically and chemically a two-part marine 

system, consisting of coastal estuaries and the broad continental shelf . 

These two marine systems are separated by barrier islands and connected by 

inlets or passes . The area is rich is finfish and crustaceans, many of 

which are commercially and recreationally important . Many of the finfish 

and decapod crustaceans of the STOCS area exhibit a marine-estuarine depen-

dent life cycle, i.e ., spawning offshore, migrating shoreward as larvae and 

poatlarvae, and utilizing the estuaries as nursery grounds (Galtsoff, 1954 ; 
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Gunter, 1945) . The broad continental shelf supports a valuable shrimp fish-

ery which, as a living resource, contributes significantly to the local 

economy . An excellent overview of the zoogeography of the northwestern 

Gulf of Mexico was provided by Hedgepeth (1953) . 

Location and Bathymetry 

The site of the exploratory drilling rig monitored was determined nn 

the basis of inquiry by the BLM through USGS . The site is located within 

the STOCS baseline study area which covers approximately 19,250 km 2 and 

is bounded by 96°W longitude in the east, the Texas coastline on the west 

and the Mexico-United States international border on the south (Figure 1) . 

The continental shelf off south Texas has an average width of about 88 .5 km 

and a relatively gentle seaward gradient that averages 2 .3 m/km . The 

bathymetry of the STOCS area is shown in Figure 2 . 

Within the STOCS study area, 25 stations on four transects and eight 

stations on two topographic highs were sampled during the baseline survey . 

The rig monitoring site (27°44'21.12"N, 96°42'58 .86"W in Block 755, Mustang 

Island Lease Area) was located between Transects I and II, 20 miles East-10° 

South of Port Aransas, Texas and in close proximity to the main Port 

Aransas shipping lane (Figures 3 and 4) . The water depth at the site was 

approximately 33 m. 

Description of Drilling Activities 

The drilling rig was leased by AMOCO and was of the jack-up type . The 

rig was at the site from December 1, 1976, through January 20, 1977 . 

Drilling began December 3., 1976, and was completed, after reaching a depth 

of 3352 .8 m (11,000 ft), on January 15, 1977 . Logging and other tests 

were conducted between 15 and 20 January . After testing was completed, 
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a 76 .2 cm (30 in) diameter pipe extending 4 .57 m (15 ft) above the mud 

line was capped and left at the site . 

Several drilling muds and additives were used in the drilling process. 

These included bentonite (montmorillonite),barite (Barium sulfate), ligno-

sulfonate, caustic-sodium hydroxide, soda ash, aluminum stearate, sodium 

acid pyrophosphate, diatomaceous earth, walnut hulls, and ground-up poly-

ethylene sheeting . These muds and additives were washed from the cuttings 

with fresh water and reused . The cuttings were then washed overboard with 

saltwater . At the end of drilling operations approximately 500 barrels of 

drilling mud were dumped . The discharge from the drilling rig was approxi-

mately 50 ft above the sea surface. 

Work Plan 

Time Frame 

The pre-drilling survey was accomplished September 25, 26 and 27, 

1976 as the rig was expected to be on location by October 1, 1976 . The 

during-drilling survey was conducted January 7 and 14, and post-drilling 

sampling was accomplished February 28, March 1 and 2, 1977 . Laboratory 

analysis of all samples were complete by June 6, 1977 . 

Survey Vessels 

Most sampling and measurements were taken aboard the University of 

Texas research vessel the R/D LONGHORN . The LONGHORN, designed and con-

structed as a coastal research vessel in 1971, is a 24 .38 m (80 ft) long, 

7 .42 m (24 ft) wide, 2 .13 m (7 ft) draft, steel-hulled ship . She carries 

a crew of five and can accomodate a scientific party of ten . The R/O 

LONGHORN is equipped with a stern-mounted crane, a trawling winch, scan 

sonar, radar, LORAN -A and LORAC navigational systems, and dry and wet 

laboratory space . 
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Low-molecular-weight hydrocarbon samples and transmissometry profiles 

for the pre-drilling survey were taken from Texas ABM University's vessel 

the R/V GYRE . Current meter placement and recovery were done from the 

Southwest Research Institute vessel, the R/V SOUTHWEST RESEARCHER . 

Sampling Stations 

Sampling stations, as specified in Contract AA550-CT6-17, were estab-

lished at the intersections of transects emanating from the drill site and 

concentric circles 100, 500, 1000 and 2000 m from the drill site (Figure 5) . 

Two additional stations, 100 m from the rig in the sediment plume and 100 m 

from the rig opposite the sediment plume, were added for the during-drilling 

survey . 

Sampling Effort 

Table 1 lists the types of samples takes and the sampling gear utilized . 

Figures 6-8 show the sampling frequency and location for the different 

sample types . 

Navigation for station location was by the LORAC navigational system. 

LORAC readings were taken upon the successful collection of each sample . 

LORAC readings were also taken when the trawl started to the bottom, when 

it was on the bottom, when it started coming up, and again when the trawl 

reached surface . The total distance the trawl sampled and the distance 

sampled along the bottom can be obtained from these readings . 

Table 2 summarizes the samples collected during the rig monitoring 

study . A summary of high-molecular-weight hydrocarbons and trace metal 

quality control samples collected is given in Table 3 . Hydrocarbon 

quality control samples have been delivered to the University of New 

Orleans for analysis . Trace metal quality control samples are in storage 
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TABLE 1 

SAMPLING GEAR USED DURING THE RIG MONITORING STOCS STUDY 
1976 

Element Sampling Gear 

Hydrography Plessey Salinity/Temperature/Depth 
Profiling System and Naasen Bottles 
Equipped with Reversing Thermometers 

Currents ENDECO (Environmental Devices Corpora-
tion Type 105 Film Recording Current 
Meters) 

Transmissometrq 

Low-Molecular-Weight Hydrocarbons 
is Water 

Particulate Trace Metals 

Modified MARTEK Tranamissometer 

1-1C Nansen Bottles Equipped with 
Reversing Thermometers 

30-1 Niskin Bottles 

Suspended Sediment Mineralogy 30-R, Niskin Bottles 

Macroinfauna Smith-McIntyre Grab Sampler ( .0125 m3) 

Meiofauna Smith-McIntyre Grab Sampler (:0125 m3) 

Sediment Hydrocarbons Smith-McIntyre Grab Sampler ( .0125 m3) 

Sediment Trace Metals Smith-McIntyre Grab Sampler ( .0125 m3) 

Sediment Texture Smith-McIntyre Grab Sampler ( .0125 m3) 

Macroepifauna 35-ft . (10 .7 m) otter trawl 

Demersal Fishes 35-ft . (10 .7 m) otter trawl 

High-Molecular-Weight Hydrocarbons 35-ft . (10 .7 m) otter trawl 
and Trace Metals in Macroepifauna 
and Demersal Fishes 
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TABLE 2 

SUMMARY OF SAMPLES COLLECTED BY TYPE 
AND NLTIf3ER DURING THE RIG MONITORING STUDY 

Sample Type 

STD 
Transmissometry 
Suspended Sediment 
Dissolved LMW-Hydrocarbons 
Particulate-Trace Metals 
Currents 
Sediment Deposition 
Sediment Texture 
Sediment Trace Metals 
Sediment Hydrocarbons 
Me iof suns 
Macroinf suns 
Macroepifauna 
Demersal Fishes 
Macroinfauaa and Demersal 

Trace Metals 
Macroinfauna and Demersal 

Hydrocarbons 

No . of Samples Collected 

15 
5 

15 
102 
25* 
5 

44*1 
284 
14* 
14* 
72 

252 
6 
6 

Fish 6 

Fish 

* Replicates taken 
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TABLE 3 

SUMMARY OF QUALITY CONTROL SAMPLES COLLECTED 
DURING THE RIG MONITORING STUDY 

Sample Type No . of Samples Collected 

Sediment Trace Metals 3 
Sediment Hydrocarbons 3 

Macroepifauna and Demersal Fish 
Trace Metals 
Hydrocarbons 
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~'TMSI/PArB. pending selection of a trace metal quality control laboratory . 

Participants 

The University of Texas .urine Science Institute, Port Aransas Marine 

Laboratory, was contracted by the BLM to provide overall project management, 

logistics, ship time, data management, and certain scientific efforts . 

Additional scientific effort way provided by a subcontract between the 

University of Texas and Texas A&M University . The balance of the scien-

tific effort was provided by the United States Geological Survey's 

Corpus Christi, Texas Office of Marine Geology . 

A total of 17 Principal Investigators participated in the project . 

Table 4 lists these P .I .'s by institution represented and scientific 

responsibility . 

Sampling Problems 

The only sampling problems encountered during the rig monitoring 

study occurred in the during-drilling phase . On January 7, 1977, the 

during-drilling sampling was initiated, but had to be postponed when it 

was noticed that the LORAC preplots for the drill site were not those 

for the actual location of the drilling rig . This discrepancy was 

explained when it was discovered that the LORAC navigational system was 

off by six lanes (553 .85 m, 1800 ft) . Also, the pre--drilling station 

locations were calculated from a drill site location supplied by AMOCO but 

the rig was actually set 21 .18 m (69 .5 ft) SW (223 .5°) of this location . 

During- and post-drilling station locations were calculated using actual 

location of the rig . Therefore, all during- and post-drilling station 

preplots were 21 .18 m SW of the pre-drill station preplots (Figure 9) . 



TABLE 4 

RIG MONITORING STOCS BIOLOGICAL AND CHEMICAL COMPONENT PARTICIPANTS AY WORK ELEMENT AND INSTITUTION 

University of Texas Marine Science Institute-Port Aransas Marine Laboratory 

Hydrography and Currents . . . . . . . . . . . . . . . Ned P . Smith 
High-Molecular-Weight Hydrocarbons in Sediment . . . . Patrick L . Parker, Richard S . Scalan, J . K . Winters 
Sediment Texture and Deposition . . . . . . . . . . . E . William Behrens 
Macroinfauna and Macroepifauna . . . . . . . . . . . . J . Selmon Holland 
Demersal Fishes . . . . . . . . . . . . . . . . . . . Donald E . Wohlschlag 

Texas ABM University 

High-Molecular-Weight Hydrocarbons in Macroepifauna 
and Demersal Fishes . . . . . . . . . . . . . . . . C . S . Giam, H . S . Chan 

Trace Metals in Macroepifauna and Demersal Fishes . . B . J . Presley, Paul N. Boothe 
Low-Molecular-Weight Hydrocarbons . . . . . . . . . . William M. Sackett, James M. Brooks 
Meiofauna . . . . . . . . . . . . . . . . . . . . . Willie E . Pequegnat F-' 
Tranamissometry . . . . . . . . . . . . . . . . . . . Richard Rezak 

U. S . Geological Survey, Corpus Christi, Texas, Office 

Particulate-Trace Metals . . . . . . . . . . . . . . . Chuck Holmes 
Suspended Sediment Mineralogy . . . . . . . . . . . . Chuck Holmes 
Trace Metals in Sediment . . . . . . . . . . . . . . . Chuck Holmes 
Sediment Texture (Chemical Samples) . . . . . . . . . Gerald L . Shideler 
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The LORAC navigational system was calibrated, the new reading for 

the drill site used to compute the station locations, and on January 14, 

1977, the during-drill sampling was completed . Those samples taken in 

the sediment plume and opposite the sediment plume 100 m from the rig were 

taken on January 7, 1977, as preplots were not needed for these samples . 

Another problem encountered was the loss of the surface buoy marking 

the location of the current meters . Three unsuccessful attempts were made 

to locate the current meters with side scan sonar and grapling hooks . On 

the fourth attempt a concrete block anchor was lowered with a line attached 

to a buoy at the surface . Another line was run from the anchor line to 

a ZODIAC . The ZODIAC then ran in a circular pattern around the buoy . On 

the first pass the current meters were hung and divers were able to recover 

the current meters, the sub-surface buoy, and the anchoring set up . 

Finally, no transmissometry profiles were taken for the during- and 

post-drilling surveys due to a malfunction of the transmissometer . 



CHAPTER TWO 

SIGNIFICANT FINDINGS AND RECOMMENDATIONS 

Summary of Significant Findings 

Reports by the Principal Investigators responsible for the various 
work elements are included in Chapters 3 through 14 . The significant 
findings reported by each Principal Investigator are suamarized below : 

Hqdrographic and Current Meter Study (Dr . Smith, UTMSI/PAMI.) 

Thirty-nine days of current data were obtained from recording current 
meters at four levels . The current data at all water levels indicated 
longshore motion predominantly to the south, but with three distinct cur-
rent reversals during the study period . Spectral analysis indicated a 
concentration of sub-surface motion at periodicities in excess of one day . 
The coherence of longshore motion through the water column was statisti-
cally significant only at the very longest periodicities ; cross-shelf 
motions were not coherent between near-bottom and near-surface levels . 
Harmonic analysis of current component time series indicated that the tidal 
component of the current was an insignificant fraction of the total 
observed motion . Supporting hydrographic data is reported on for the 
pre-, during- and post-drilling surveys . 

Transmissometry (Dr . Rezak, TAMU) 

Transmissometry profiles were scheduled to be taken for the pre-, 
during- and post-drilling surveys. However, due to equipment failure, 
profiles for the during and post-drilling surveys were not obtained . A 
very thin layer (2-2 .5 m) of turbid water, the nepheloid layer, was observed 
on the bottom in the drill site area during the pre-drilling survey . 

Low-Molecular-Weight Hydrocarbons (Drs . Sackett and Brooks, TAMU) 

No anomalies in low-molecular-weight hydrocarbon concentrations were 
observed at the rig monitoring site during the pre-, during- and post-
drilling surveys. Since the drilling at the rig monitoring site was only 
an exploratory well, no additions of light hydrocarbons were expected and 
none were observed . 

Trace Metal and Mineralogical Analysis of Suspended and Bottom 
Sediment (Dr . Holmes, USGS ; Dr . Barnes, Texas A&I) 

The trace metal content of suspended sediments fell within the range 
established during the environmental phase of the South Texas Outer Con-
tinental Shelf study with the exception of cadmium and zinc . It is sus-
pected that the high and variable values obtained for these metals were a 
result of sampling or procedural contamination . Three clay minerals were 
detected in these samples: montmorillonite ; illite ; and, kaolinite . The 
presence of montmorillonite in the samples from the during-drilling phase 
may have resulted from the drill fluid sinking to the sea floor as previous 
work has shown that early spring waters in the region are almost devoid of 
montmorillonite . 
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Chromium, copper, manganese, and nickel levels in the sediment, showed 
no apparent change as a result of drilling activity . Levels of iron and 
vanadium, co-variant elements, were somewhat lower, while lead showed a 
two-fold increase after the drilling activity . Zinc, barite and cadmium 
were directly tied to drilling activity as these elements showed a marked 
increase at the drill site following drilling operations . These varia-
tions in trace metal levels were observed only at the drill site . 

High-Molecular-Weight Hydrocarbons in Sediment (Drs . Parker, Scalar 
and Winters, UTMSI/PAbII.) 

Saturated and non-saturated high-molecular-weight hydrocarbons were 
measured in samples from five pre- and five post-drilling stations . The 
pre-drill samples indicated no evidence of oil pollution . One of the 
seven post-drilling samples was apparently contaminated with petroleum 
hydrocarbons . This sample was one of three samples taken at the drill 
site . Whether this contamination resulted directly from drilling opera-
tions, oil from another source, or dust drill cuttings from ancient shales 
could not be determined . 

Beathic Sediment Textural Analysis (Dr . Shideler, USGS) 

Comparisons of textural variability between composite pre-drilling and 
post-drilling sample suites were made . The results suggested that statis-
tically significant differences occurred between the two suites for the 
following textural parameters : skewness, silt percentage, clay percentage, 
silt/clay ratio, and mean diameter . No meaningful inferences could be 
formulated regarding causative factors as the observed sea-floor textural 
changes could potentially have resulted from a combination of modified 
sampling procedures, analytical variability, natural seasonal variability, 
and drilling rig operations . 

Sediment Deposition and Texture (Dr . Behrens, UTMSI/GGL) 

Tao cores and one grab sample at the drill site station contained obvious 
foreign material deposited in connection with drilling operations . Other 
sediment textural changes generally had low statistical significance, but an 
addition of coarse (sandy) materials was strongly indicated 100 m south and 
west of the drill site sad was suggested over 1000 m from the drill site 
is the sector extending from Station 5-1000 clockwise to Station NW-1000 . 
Farther from the drill site (100 m or more) and in the opposite directions 
,co the northeast and southeast) there was a suggestion of clay transport 
and deposition . 

Meiofauaa (Dr . Pequegaat, TAM) 

Two stations that could have been affected by drilling operations when 
the characteristic Ioagshore current underwent reversals produced lower than 
expected meiofauaal populations and markedly higher harpacticoid/nematode ratios . 

Invertebrate Epifauna and Macroiafauna (Dr . Holland, UTMSI/PArII.) 

Analyses of benthic populations showed a high degree of similarity 
among pre-drill samples . Post-drill samples, although slightly separated 
along a north-east to south-west line through the study area, also showed 
a high degree of similarity . 
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Differences between pre-drill and post-drill samples were attributed 
to drilling operations and seasonalitq . Benthic populations were definitely 
diminished at the drill site, presumably due to direct impact from drilling 
operations . All other post-drill stations were fairly distinct from pre-
drill stations due to several groups of organisms that appeared to have 
some members that are seasonal . 

Analysis of individual species distribution patterns indicated that 
many species were apparently distributed on a small scale relative to the 
size of the study area . 

Demersal Fishes (Dr . Wohl9chlag, UTMSI/PArII.) 

Analysis of pre- and post-drilling trawl data revealed numerical and 
biomass declines, up to a radius of 1 1m about the drill site, in relation 
to the general treads is the STOCS study area in 1975 and 1976 . The data, 
however, were not statistically definitive . There were also post-drilling 
declines in diversity, equitability and probability is intezspecific encoun-
ter . 

Heavy Molecular Weight Hydrocarbons in Epifauna (Drs.Giam and Chan, 
TAMIT) 

The three pre-drilling specimens, squid, rough scad and Atlantic 
croaker, contained no evidence of petroleum hydrocarbons . The n-alkaae 
distributions in three post-drilling samples, butterfish, shoal flounder 
and shrimp, were petroleum-like, most notably in the shrimp . Also, the 
shrimp sample had a hydrocarbon content 1502 higher than the range 
for this species in the surrounding areas . In au these samples no aro-
matic compounds were detected . Thus, there may be an indication of a low 
level petroleum contamination of post-drilling samples but more analyses 
are needed to verify this observation and the sources of contamination . 

Trace Metals in Epifauaa (Drs . Presley and Boothe, TAMU) 

The trace metals data set did not permit a realistic assessment of 
the possible impact of drilling operations on the levels of trace metals 
in organisms inhabiting the immediate vicinity . Not enough samples were 
collected and only one species occurred in both pre- and post-drilling 
sample groups . The species collected were all very mobile and their 
period of exposure to the ambient environment of the rig was probably 
variable and very limited . 

General Conclusions 

The following conclusions can be made regarding the effects of the 
exploratory drilling rig monitored : 

1) Obvious foreign material was seen in sediments taken from the 
drill site, as discussed in Chapter 9 . 

2) Zinc, barite, amd cadmic levels is the sediment increased markedly 
at the drill site . Lead levels in the sediment increased two-fold, probably 
as a result of the drilling activity via the fuel used by the rig and supply 
vessels . 
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3) Petroleum contamination was measured in one of the three sediment 
samples collected at the drill site . 

site . 
4) Macroinfauna populations were definitely diminished at the drill 

5) Montmorillonite was detected in the suspended sediment samples . 
This was thought to be a result of the drilling activity in that spring 
waters in the area are usually devoid of montmorillonite and one of the 
drilling muds used (bentonite) contained montmorillonite . 

Although other changes in benthic populations and chemistry were 
detected following exploratory drilling activity, it is not possible to 
determine the exact source of these changes . The individual reports by 
the Principal Investigators discuss possible sources . 

As would be expected for an exploratory drilling operation, there 
were biological, chemical, and physical effects within the immediate area 
of the drill site . The spatial extent of these effects cannot be precisely 
determined . However, from the data .collected from the 100 m stations, it 
appears that it was somewhat less than 100 m from the drill site . The 
temporal extent of these effects cannot be determined as there was only one 
post-drilling sampling made shortly after drilling operations sere completed . 

Recommendations 

As can be seen is the summary of significant findings, several prob-
lems were encountered when trying to draw meaningful conclusions about the 
effects of the exploratory drilling from the data collected . Most of these 
problems apparently resulted from poor study design . In the interest of 
improving future monitoring studies of this nature, the following recom-
mendations are made : 

1) The number of samples taken during the pre-drilling survey should 
be large enough to accurately characterize the area . For example, only 
two 15-minute trawls at one station were scheduled for demersal fish and 
macroepifauna taxonomy . While the exact number of trawls needed to con-
fidently characterize the area is not known, it is felt that two was not 
sufficient . 

2) The number of samples and sampling stations should be the same 
for the pre- as for the post-drilling survey to allow meaningful compari-
sons to be made . Only one station was sampled for demersal fish and macro-
epifauna taxonomy during the pre-drilling survey, while five stations were 
sampled during the post-drilling survey . 

3) Control stations should be established is as area similar to that 
being monitored . A possibility would be to have stations on a concentric 
ring 5000 m from the drill site . Samples of every type collected from the 
monitoring stations should be collected from the control stations . While 
seasonal variability is somewhat known for the area from the baseline 
survey, samples from control stations would give a better idea of seasonal 
variability and other changes not directly induced by the exploratory 
drilling . 
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4) The rig monitoring site should not be located within an area subject 
to the effects of other offshore activity . The site monitored in this study 
was close to the very active Port Araasas shipping lane . The influence 
of the shipping lane is not known, but it is suspected ship traffic could 
cause (a) a constant reworking of the bottom sediments, (b) serve as a means 
of transport of organisms into the area, and (c) be a source of pollutants 
to the environment . 

S) Transient and highly mobile species should not be used as indica-
tors of pollution . Hydrocarbon and trace metal content of macroepifauna 
and demersal fish were used to monitor the effects of the exploratory 
drilling in this project . It is recommended that less mobile species be 
used for these analyses . 

6) Samples of drilling muds and additives and drill casings should 
ideally be made available for analysis by the investigators . Samples 
should be taken before and after the muds and additives have been used 
as it is suspected that the intense temperatures and pressures to which 
they are subjected during the drilling process alters their chemical com-
position and toxicity . 

7) A second post-drilling sampling should be made six to twelve 
months after drilling operations are complete to adequately assess the 
temporal extent of the effects of the exploratory drilling . 

As is indicated by these recommendations and the general conclusions, 
the effects of exploratory drilling are probably very limited both spatially 
and temporally and as such, an adequate sampling regime to monitor these 
effects is difficult to design . 
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ABSTRACT 

Recording current meter data from four levels in 33-m of water are 
presented and discussed for a 39-day period in December 1976 and January 
1977 . Supporting hydrographic data are presented from before, during 
and after the current meter study . 

The current data at all water levels indicated longshore motion pre-
dominantly to the south, but with three distinct current reversals during 
the study period . Spectral analysis indicated a concentration of sub-
surface motion at periodicities in excess of one day . The coherence of 
longshore motion through the water column was statistically significant 
only at the very longest periodicities ; cross-shelf motions were not 
coherent between near-bottom.-and near-surface levels . Harmonic analysis 
of current component time series indicted that the tidal component of 
the current was an insignificant fraction of the total observed motion . 
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INTRODUCTION 

Purpose 

Previous circulation studies in the northwestern Gulf of Mexico have, 

for the most part, utilized the drift bottle approach along the inner 

shelf, or involved the compilation and interpretation of accumulated ship 

drift calculations . A general pattern has emerged, defining, among other 

features, the Loop Current and cyclonic gyres in the Gulf of Campeche and 

the Florida Middle Ground . Still, the departure from the multi-annual 

mean patterns that can be expected in any given year are poorly understood, 

and the data base for characterizing sub-surface motion are nearly non-

existent . 

The purpose of measuring currents as part of the Rig Monitoring Study 

was three-fold : (1) Direct measurements of sub-surface currents would 

relate directly to the spatial distributions and trajectories of materials 

introduced throughout the water column at the drilling site . (2) Long 

time series of relatively closely spaced observations would indicate clearly 

the relative importance of motions occurring over shorter time scales, which 

would be averaged out of the seasonal patterns defined by the drift bottle 

and ship drift data . The characteristics of inertial and tidal rotary 

motions are unreported for this area, even though they would play an impor-

tant role in dispersing point-source pollutant discharges . (3) Measurements 

of sub-surface currents would significantly extend what is presently known 

of the circulation of the northwestern Gulf of Mexico by indicating verti-

cal variations in current speed and/or direction through the water column . 

Literature Survey of Previous Work 

Much of the work over the past 20 years to investigate the circulation 
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of the Texas Outer Continental Shelf area was aimed at defining temporal 

and spatial characteristics of a postulated surface convergence along the 

south-central Texas coast near latitude 27°N . This pattern was first 

suggested by Leipper (1954) who explained it in terms of seasonal winds 

intersecting a concave coastline . Though Leipper cast some doubt on his 

own interpretation, most of the current studies conducted since that time 

have explicitly either supported or rejected the concept of a surface 

convergence . 

Geological evidence in the fore of heavy mineral distributions (Bul- 

lard, 1942 ; Van Andel and Poole, 1960), sand size modes (Hayes, 1965), and 

the longshore distribution of shell material (WatsoN 1968) all support the 

idea of a convergence in the littoral drift along central Padre Island, 

Texas . Drift bottle studies over the inner shelf during the past 10 years 

are in general agreement ; however, the considerable scatter in drift bottle 

recovery sites suggests that the convergent pattern may not occur at any 

instant of time, but may exist only as an annual or multi-annual net motion . 

Leipper (1954) noted that a surface convergence such as that appearing in 

the ship drift data could exist only if there were sub-surface return flow . 

Recent drift bottle and bottom drifter studies by the USGS, Corpus Christi 

(Hunter et al ., 1974) have indeed suggested that when surface motion has an 

onshore component, bottom flow tends to be directed offshore, and vice 

versa . Furthermore, Hunter et al ., postulated the existence of a conver-

gence of bottom water from bottom drifter returns . Such a pattern may be 

displaced in a longshore direction some distance from the surface conver-

gence . 

While the existence or characteristics of a convergent pattern along 

the Texas continental shelf have not been satisfactorily resolved, previous 

work has established the presence of considerable seasonal variability in 
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the net direction of the longshore current . Watson and Behrene (1970) 

used drift bottles to document a net northerly drift is summer and an 

alternating drift in winter months, due, in part, to frontal passage . 

Hytirographic Office charts, on the other hand, reflecting longer time 

averages and ship drift data from further offshore, indicate currents to 

the southwest and west-northwest in December and January, respectively, 

sad to the north in July . 

Few studies have been conducted in the northwestern Gulf to investi- 

gate current variations occurring over shorter time scales . The charac-

teristics of tidal and inertial motions are poorly known for the Texas 

shelf . Rimsey and Temple (1962) used a direct readout current meter in 

27 m of water to obtain short time series, lasting on the order of one 

day . While it is impossible to identify the patterns as reflecting the 

steady current or as an anomalous perturbation on the steady flow, the 

considerable variation in speed and direction from one observation to the 

next suggests that the instantaneous current may be poorly represented by 

the time-integrated data provided by the ship drift or drift bottle tech-

piques . 

Recording current meters have been used increasingly in the north- 

western Gulf of Mexico, as elsewhere, in studies designed to investigate 

shorter-period variations, as well as the sub-surface motion not revealed 

by drift bottle studies . A pilot study was initiated in 1973 along the 

inner shelf off the central Texas coast to investigate temporal variability 

in shelf circulation . Current meters were placed approximately 10 km off-

shore for two periods of dust over one month each in the winter and summer 

of 1973 (Smith, 1975) . Results showed a quasi-steady flow to the south-

southwest during the winter period . The same general sampling period was 

repeated the following year to determine the extent to which the seasonal 
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patterns recorded the first year were repeated . Results of the second 

year's study [Smith, 1977 (in press)] showed an alternating longshore 

current in both summer and winter seasons . High coherences between long-

shore components of both coastal winds and sub-surface currents suggested 

that the different winter current patterns noted in the two studies may 

be explained in terms of differences in coastal wind patterns . In view 

of the statistically significant coherences between wind and sub-surface 

current readings, the absence of statistically significant tidal and 

inertial period motion, and the lack of a quasi-permanent coastal current 

system in the northwestern Gulf of Mexico, one must tentatively conclude 

on the basis of previous studies that the shelf circulation along the 

Texas coast is primarily wind-driven . At the same time, however, the 

rather poor correlation found in parts of the records indicates that the 

response to wind forcing is not necessarily a local one, even along the 

inner shelf . An understanding of the meso-scale response to windstress 

over the continental shelf awaits a study in which both circulation and 

wind forcing are monitored over a substantially broader geographical area . 

METHODS AND MATERIALS 

Data Collection 

Hydrographic Data 

Vertical profiles of temperature and salinity, from surface to bottom, 

were obtained on three surveys, i.e ., before, during and following drilling 

at the rig monitoring site . The pre-drilling study was conducted on 

25 September 1976, well in advance of the arrival of the drilling platform . 

Hydrographic profiles were obtained at the drill site and at four points 

1000 m from the drill site along each of the four points of the compass . 

Horizontal homogeneity was great enough such that spatial variations were 
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minimal at any given level . The primary purpose of the hydrographic data 

was to provide direct support to other water columa sampling, rather than 

to identify horizontal gradients . 

The during-drilling survey was conducted on 7 and 14 W-anuary 1977 . 

Vertical profiles were obtained at the five sites surrounding the drill site . 

The final survey was conducted on 28 February 1977, shortly after 

the drilling rig had been removed . Vertical profiles were obtained at 

the five sites sampled on the pre-drilling cruise . 

A total of 15 temperature-salinity (T-S) profiles were obtained, 

along with top and bottom T-S data, which were used to calibrate the 

vertical profiles . Additional hydrographic variables were computed using 

a computer program developed at the NOAA Pacific Oceanographic and Meteor-

ological Laboratories . Tables of the calibrated and computed hydrographic 

data and plots of temperature, salinity and sigma-t profiles from the 14 

stations on the three cruises are given in Appendix A. 

Current Meter Data 

Recording current meters were installed at five levels along a taut-

line mooring, approximately 0 .5 km southeast of the drilling platform on 

16. December 1976 . The water depth at the study site was approximately 33 

m and there was no significant bathymetric relief . 

The current meters sampled hourly (half-hourly at the lowest level) 

over a 39-day period until they were recovered on 25 January 1977 . The 

current meters were the Environmental Devices Corporation Type 105 Film 

Recording Current Meters . These instruments provide time-integrated current 

speeds and directions over the half-hourly or hourly sampling periods . 

Data are recorded on 26 mm film cartridges, and initial digitization is 

done by the manufacturer . According to the manufacturer, the speed accur- 
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acy is t2 .7 cm/sec ; the direction accuracy is ±7° . 

When the initially digitized current records were returned from the 

manufacturer, it was learned that the top-most instrument had not operated 

properly during the study period . Thus, current records are available 

from depths of 10, 17, 26 and 31 m. The lowest current meter was approx-

imately 2 m above the bottom . 

Wind Data 

Though not required in the contract, coastal wind readings at approx-

imately hourly intervals were obtained from a 100-ft high anemometer tower 

located at the Port Aransas Marine Laboratory . The anemometer tower was 

installed by the University of Texas Atmospheric Science Group, Austin . 

analog trace of the north-south and east-west components of the wind 

velocity was recorded . The availability and analysis of wind records 

provided an opportunity to investigate shelf circulation as a response to 

wind forcing . Wind data are digitized from 15 December 1976, through 

6 January 1977 . 

Data Analysis 

Hydrographic Data 

When the Martek TDC Metering System was used to obtain hydrographic 

profiles, conductivities were converted to salinities, correcting for 

temperature effects, using the formulae suggested by Bennett (1976) . 

Temperature and salinity profiles were corrected for systematic instrumen- 

tation errors by utilizing calibration data obtained at the top and bottom 

of the water column . TDC data were obtained at apprmcimately arm inter-

.s, depending on water depth and observed vertical variations of temp- 

erature and conductivity . When the Plessey Model 9060 Self-contained 

STD Profiling System was used to obtain hydrographic profiles, data were 
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digitized at 3-m intervals . 

From the vertical profiles of temperature and salinity, a series of 

hydrographic variables were computed, using a computer program developed 

at the NOAH Pacific Oceanographic and Meteorological Laboratories . These 

hydrographic variables included sigma-t, the specific volume anomaly, the 

dynamic height anomaly, the potential energy anomaly, the Brunt-Vaisala 

frequency and the speed of sound . Together, these provided a much better 

picture of the hqdrographic climate of the study site than did vertical 

profiles of temperature and salinity alone . 

Current Meter Data 

Progressive Vector Diagrams 

A good overview of current data is provided by plotting sequentially 

is head-to-tail meaner the hourly or half-hourly current observations from 

a given level . The resulting pattern indicates how water moves past the 

current meter, rather than providing the water parcel trajectory, but 

one may get a quick impression of characteristic current speeds and direc-

tions and the occurrence of events . Examples of the latter might include 

reversals in the longahore motion, periods of well-developed tidal or 

inertial rotary motion, or periods of predominatly cross-shelf motion . 

Histograms 

Another way to survey a large amount of current data is to treat 

current speeds and directions separately and construct histograms at 

suitable intervals of speed and direction . The patterns indicate immedi-

ately the moat common current speeds during the study period, and the 

direction histogram shove the extent to which the motion was restricted 

to a longshore direction and whether the longshore current alternated is 

direction . 
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Energy Density and Coherence Spectra 

The relative importance of periodic or quasi-periodic variations over 

a broad range of time scales is given by computing energy density spectra 

from current components . Current velocity vectors at each level were 

decomposed into longshore and cross-shelf components and used to obtain 

spectra using a computer program developed by Fee (1969) . This program 

uses a fast-Fourier transform technique, after the linear trend has been 

removed from the time series . The 90% confidence interval was 

determined using the method described by Panofsky and Brier (1958) . 

Coherence spectra are obtained from the same computer program when 

two time series are read in . Coherence spectra involving the longshore 

and cross-shelf components at a given level are useful in describing 

organized rotary motions at tidal and inertial periods . Coherence spectra 

of longshore and cross-shelf components from two levels along the taut-

line are useful in determining vertical uniformity and/or vertical varia-

tions in longshore or cross-shelf motions . 

Tidal Computations 

The contribution of tidal forces to the observed motion may be deter-

mined from a harmonic analysis of a 29-day time series of the longshore 

or cross-shelf current components from a given level . The computer program 

used in this analysis was developed by the National Ocean Survey (Dennis 

and Long, 1971) . The rotary motions superimposed onto the quasi-steady 

wind drift are an important factor in estimating the dispersion of a 

point-source pollutant introduced into the water column at the surface or 

at some sub-surface level . 

Numerical Filtration of Current Data 

To remove tidal and local inertial period (25 .78 hours) variations 
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is the current data, a numerical filtering technique was used . The filter 

used was the "D39" Doodson-Warburg type filter described by Groves (1955) . 

A measure of the relative importance of tidal/inertial motions and long-

period motions is provided by computing the variance of the time series 

both before and after it has been filtered . The ratio of the variance of 

the filtered series divided by that of the unfiltered series is used in 

the expression : 1 - [var(filt)/var(unfilt)] . The difference between unity 

and the ratio defined in this way provides an estimate of the relative 

importance of tidal and inertial period components in the total current . 

Windstress Computations 

Hourly wind observations recorded at Port Aransas during the 39-day 

study period were used to compute a time series of windstress vectors . 

This was, in turn, decomposed into the longshore and cross-shelf components 

of sub-surface currents . 

The anemometer was located atop a 100-ft anemometer tower, approxi-

mately 0 .5 km from the coast and 30 km from the study site . Data were 

recorded in analog form and digitized following the study . 

Recorded wind speeds were first reduced to an equivalent 10-m level 

wind speeds, assuming a log linear wind profile . Windstress values were 

computed using the expression r = pcDlV`V, where p is the air density 

(assumed constant at 1 .19 kg/m3), cD the drag coefficient, and V the 10-m 

level wind velocity . No directional shear was assumed between the 10-m 

level and the anemometer level . The drag coefficient was calculated as a 

non-linear function of wind speed with the expression cD = 0 .5 VIS x 10'3, 

as recommended by Wu (1969) . 
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RESULTS 

Hydrographic Data 

Pre-Drilling Survey (25 September. 1976 ) 

The pre-drilling hydrographic survey was conducted at or just after 

the time of highest annual temperatures . On the September seasonal 

cruise, conducted in the middle of September, surface temperatures were 

generally between 28 .5° and 29 .0°C . Surface temperatures at the drilling 

site ranged between 28 .0 and 28 .8°C . 

Thermal stratification in the water column varied from one location 

to the next . For example, at Station S-1000, a 2 .2°C difference in temp-

erature was observed between surface and bottom levels . The temperature 

variation was distributed nearly uniformly through the water column . A 

similar pattern was observed at Stations W-1000 and E-1000 . 

At the drilling site, and again at Station N-1000, a somewhat differ- 

ent pattern was observed . In the lowest S m, there appeared to be a 

distinct decrease in salinity and thus in the computed sigma-t . In both 

cases, however, the decrease in salinity with increasing depth was a 

result of a suspiciously high value at the next-to-last level . For example, 

at the 27-m level at Station N-1000, a salinity of 36 .60 parts per thousand 

(ppt) was computed from TDC data . This was believed to be about 0.2 ppt 

too high, judging from what is normally characteristic of mid-shelf waters 

off Texas . 

At all stations, the temperature profiles were characterized by a 

gradual decrease with increasing depth ; salinity increased by about 2 .2 

ppt to 2 .8 ppt . No strong pycnocline was detected in the study area . 

The horizontal variability at any given level should be interpreted with 

caution, however, as mid-shelf waters are characterized by some degree of 



3-13 

inhomogeneitq . It is noteworthy that T-S variations of 0.2 - 0.3° and 

0 .3 - 0.4 ppt occurred within the restricted study area . Thus, the T-S 

values obtained from the much more widely spaced transect stations should 

perhaps not be read to the nearest 0.01° and 0.01 ppt . This precision may 

well limit the spatial representativeness of the measurement to a very 

small area, both horizontally and vertically . 

During-Drilling Survey (7 and 14 January 1977) 

The mid-winter sampling during drilling provided hydrographic 

data distinctly different from that obtained during the pre-drilling sur-

vey . Water temperatures had decreased on the order of 12-14°C, and there 

was no appreciable increase in salinity with depth . The four profiles 

taken 1 km from the platform along the principle compass directions indi-

cated considerable horizontal inhomogeneitq over the short distance sur- 

:yed . Temperature differences of as much as 0.5°C were noted at any 

given level and salinity variations were as much as 0.4 ppt . Temperatures 

increased approximately 1.5°C from top to bottom. 

The sediment plume station was monitored in 7 January and distinct 

differences were noted in both temperature and salinity profiles . The 

temperature profile was shifted toward warmer temperatures from 1 .7 to 

2 .9°C . Also, salinities were approximately 1 .0 - 1 .4 ppt higher in the 

sediment plume . Substantial T-S variations over the one-week interval 

underline the importance of'advective processes in determining the hqdro-

graphic climate of mid-shelf waters . 

Post-Drilling Survey (28 February 1977) 

The post-drilling hydrographic survey suggested an essentially two-

layered water column, with nearly isothermal and isohaline water above 

and again below a transition layer at about the 20-m level . The upper 
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15-20 m had temperatures of about 15 .0 - 15 .5°C, while the lower part of 

the water column had temperatures generally between 16 .0 and 16 .5°C . 

Salinities increased from about 33 .0 - 33 .5 ppt in the surface layer to 

just over 36 ppt near the bottom . 

Recording Current Meter Data 

Progressive Vector Diagrams 

Figure 1 shows the progressive vector diagram computed from currents 

measured 2 m above the bottom at the study site between 16 December 1976, 

and 25 January 1977 . The pattern was characterized by a distinct net flow 

in a longshore direction toward 213° . A slight net onshore deflection was 

superimposed onto the longshore motion . The longshore current was reversed 

on three occasions during the approximately 40-day study period . A long-

shore current toward 033° began on 27 December and continued for just 

over 4 days before reversing again . Starting on 7 January, longshore flow 

to the south-southwest again halted for approximately four days . The 

final reversal in the longshore motion occurred at the end of the record, 

when the progressive vectors trace out a large anticyclonic ellipse over 

an approximately 9-day period . 

The net displacement, and thus the average current, may be determined 

from the progressive vector diagram. By dividing the end points of the 

progressive vectors by the total time interval of the study period, an 

average current of 7 .7 cm/sec is obtained for the current meter 2 m above 

the bottom. It is important to note, however, that this underestimates 

the instantaneous current due to the canceling effect of current reversals . 

The instantaneous current, which may be important in the erosion and trans-

port of bottom sediments, can better be estimated from the histogram 

presented later in this section . 



3-15 

`! V1 . 

x 

JAN. 

Figure 1 . Progressive Vector 
at the Study Site 2 
to 26 January 1917 . 
Positive Y -Axis is 

Diagram from Current 
m Above the~Bottom, 
Positive X-Axis is 

Offshore . 

Measurements 
15 December 1976 
Toward 213° ; 



3-16 

The cumulative longshore and cross-shelf motion, computed from these 

two components of the recorded current vectors, may be used to determine 

trigonometrically the net cross-shelf deflection of the near-bottom cur-

rent . For this time interval, there was little indicated cross-shelf 

motion . The data indicate that over the 40-day period the net deflection 

of the longshore current was just over 5° in an onshore direction . 

There were both similarities and marked differences in the progressive 

vector diagram (PVD) computed from the currents recorded 7 m above the 

bottom (Figure 2) . The pattern was basically similar, with three periods 

in which the longshore motion had reversed . The return flow during the 

first such period was almost exactly in a longshore direction . This, 

coupled with the distinct onshore deflection when the longshore current 

moved into the southwest, tended to widen the PVD into a zig-zag pattern 

during this time interval . During the second period when the longshore 

current reversed, the progressive vectors nearly doubled back . The third 

period again resulted in an elliptical shape, though it was somewhat more 

flattened . 

The average current speed during the study period was 10 .2 cm/sec 

but this may substantially underestimate the average current speed without 

regard to direction . The net deflection in the longshore motion was 

substantially greater . Over this time interval, the net motion was 24° 

to the right (onshore) of the local longshore direction . 

The third current meter was 16 m above the bottom at approximately 

mid-depth . Both the average current speed and the net cross-shelf deflec-

tion were greater (Figure 3) . Over this time interval, the average speed 

was 12 .6 cm/sec and the net motion was just under 36° to the right (on-

shore) of the local longshore direction . The three periods of reversed 

longshore motion, together with continued onshore deflection, were the most 
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Figure 2 . Progressive Vector Diagram from Current Measurements 
at the Study Site 7 m Above the Bottom, 15 December 
1976 to 26 January 1977 . Positive X-Axis is Toward 
213° ; Positive Y-Axis is Offshore . 
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1976 to 26 January 1977 . Positive X-his is Toward 
213° ; Positive Y-Axis is Offshore . 
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noteworthy features of the PVD . 

The fourth current meter was 23 m above the bottom and approximately 

10 m below the surface . The pattern established by the lower three records 

continued at the fourth level (Figure 4) . The average current speed at this 

level was 14 .5 cm/sec, or just over a third of a knot . The cross-shelf 

deflection was just under 39° to the right (onshore) . 

The first of the three longshore current reversals was well-defined 

in the PVD, however, during the second and third the current slows and 

becomes more variable in direction . The second period actually involves 

two short reversals, and there is little net motion to the north-northeast . 

Histograms of Current Speeds and Directions 

Histograms were constructed by dividing current speeds and directions 

into intervals of 3 cm/sec and 10°, respectively . Results from the lowest 

current meter (2 m above bottom) are shown in Figure 5 . The histogram 

of current speeds shows a pattern that is distinctly skewed toward slower 

speeds . The greatest frequency of speeds occurs in the interval between 

9 and 12 cm/sec, though over lOx of the observations fall in each 

of the speed intervals between 6 and 15 cm/sec . The right side of the 

histogram indicates current speeds trailing off only gradually . Highest 

current speeds recorded at this level and over this time interval were 

dust under 60 cm/sec . Speeds of over a knot this close to the bottom 

could be expected to move substantial amounts of bottom sediments. 

The direction histogram shows the effects of an alternating longshore 

current . The pattern is bimodal, but there is a distinct concentration of 

recorded directions between south and southwest in the longshore direction . 

The direction histogram is clearly consistent with the progressive vector 

diagram, showing a net near-bottom transport to the south-southwest . 
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Figure 4 . Progressive Vector Diagram from Current Measurements 
at the Study Site 23 m Above the Bottom, 15 December 
1976 to 26 January 1977 . Positive X-Axis is Toward 
213° ; Positive Y-Axis is Offshore . 
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Figure 5 . Histograms of Current Speeds and Directions, 16 December 
1976 to 25 January 1977 . 
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The current meter positioned 7 m above the bottom provided a similar 

pattern in the speed histogram (Figure 6) though the peak is somewhat broader 

and shifted slightly toward higher speeds . The three speed intervals with 

over 10% of the current observations include the range of 9 to 10 cm/sec . 

Highest speeds were dust under 66 cm/sec . 

The direction histogram from the 7-m level is again bimodal, with the 

primary peak in the longshore motion shifted slightly to the right . There 

was no appreciable concentration of onshore-deflected motion in an other-

wise longshore motion to the north-northeast as shown in Figure S . 

At the mid-depth level of 16 m above bottom (Figure 7), the speed 

histogram indicates an almost complete absence of calm water, and a still 

more broadly distributed peak . The speed interval with over 10% 

of the observations extends between 9 and 21 cm/sec . Percent values decrease 

ply with increasing speed . Analysis of the current data from this level 

indicated four observations in excess of the 66 cm/sec shown in the histo-

gram . 

The direction histogram (Figure 7) is almost completely separated 

into two parts . No current directions toward 130-160° (just to the right 

of directly offshore) were recorded during this time . This reflects the 

absence of a quasi-steady wind-drift motion in this direction, but also 

indicates the absence of tidal or inertial period rotary motions . The 

peak attributed to longshore motion to the south-southwest is again shifted 

slightly to the right and includes the range of 230-260° . Longshore motion 

in the opposite direction is centered at a direction of 40-50° . 

The uppermost current meter at 23 m above bottom and 10 m below the 

surface has the most broadly distributed speed histogram (Figure 8) . Only 

one interval (15-18 cm/sec) contains over lOX of the observations, 

yet over SX of the observations are contained in each of the inter- 
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Figure 6 . Histograms of Current Speeds and Directions, 16 
December 1976 to 25 January 1977 . 
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vals between 6 and 33 cm/sec . Again, four observations recorded speeds 

in excess of 66 cm/sec . 

The direction histogram (Figure 8) is similarly decoupled, though 

between 140-170° at this level . The peak in the direction histogram between 

230 and 260° is nearly flat-topped, with all intervals recording approx-

imately 15% of the total number of observations . The peak in the longshore 

motion in the opposite direction exactly parallels the orientation 

of the coastline with a maximum between 30-40° . 

Energy Density and Coherence Spectra 

The computation and interpretation of energy density spectra are 

useful for investigating the dominant time scales of sub-surface shelf 

motion . Time series of hourly current measurements have been decomposed 

into longshore and cross-shelf components for analysis . Results from the 

lowest level, 2 m above the bottom are shown in Figure 9 . For the long-

shore component of the current, energy density levels decrease rapidly 

through five orders of magnitude from the longest periods down to the 

semi-diurnal tidal period . At this level in the water column, neither 

diurnal nor semi-diurnal tidal motions appear to contribute significantly 

to the total circulation . 

The spectrum of cross-shelf current components shows distinct differ- 

ences, especially at the longest periodicities . An identifiable peak occurs 

at a period of between 2 and 3 days, and a small peak is present at the 

diurnal tidal/inertial period . At shorter periods, the spectrum becomes 

somewhat ragged, and the computed spectral peaks below 8 hours probably 

do not reflect real physical processes . 

The spectra computed from the time series obtained 7 m above the 

bottom (Figure 10) is essentially similar to that from the 2-m level . At 
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Figure 9 . Energy Density Spectra of Longshore and Cross-shelf Current 
Components Measured 2 m above the Bottom, 16 December 1976 
to 25 January 1977 . Vertical axis in (cm/sec) 2/cycles per 
hour (cph) . Spectral Resolution is 0 .003 cph . 
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the longest periods, however, energy levels from the longshore components 

are nearly an order of magnitude lower than those computed for the 2-m 

level currents . Again, no tidal/inertial period motion is indicated to 

the longshore components . Slight tidal/inertial oscillations are indicated 

in the cross-shelf components . 

At mid-depth (Figure 11), a significant feature appears in the spectrum 

computed from the longshore components . A slight spike appears at the 

diurnal tidal/inertial period, as well as at the semi-diurnal tidal period . 

In the cross-shelf component spectrum, the exponential decrease in energy 

levels is interrupted slightly at a diurnal period, but no distinct peak 

appears . Long-period cross-shelf motion is over half an order of magnitude 

greater than that found in the lower half of the water column . 

The spectra computed from the top current time series 23-m above 

bottom and 10 m below the surface (Figure 12) is nearly identical with 

that computed from mid-depth currents, with one exception . Diurnal tidal/ 

inertial period motions and semi-diurnal tidal period variations appear to 

be well developed in the cross-shelf component of the current . Both the 

longshore and cross-shelf component spectra become somewhat ragged at shorter 

periods, but again these peaks are not believed to reflect real physical 

processes . 

A coherence spectrum was computed first for the longshore components 

recorded at top and bottom levels, then again for the cross-shelf components 

of the current at these two levels . The results indicate how the water 

column reacts uniformly or differently to shelf forcing. Figure 13 indicates 

that highest coherences are found in the long-period portion of the spec-

from computed from the longshore current components . It appears that very 

long period variations in the longshore current occur in a similar manner 

through the water column . This is consistent with the fact that all four 
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Figure 12 . Energy Density Spectra of Longshore and Cross-Shelf 
Current Components Measured 23 m Above the Bottom, 
16 December 1976 to 25 January 1977 . Vertical axis 
in (cm/sec) 2/cph . Spectral Resolution is 0 .003 cph . 
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of the progressive vector diagrams (Figures 1-4) indicate essentially the 

same features in spite of the fact that the cross-isobath motion appears 

to be depth-dependent . The spectrum computed from the cross-shelf compo-

nents of the current at these two levels shows no such high coherences_in 

the long-period portion of the spectrum . At periods below about 25 hours, 

there does not appear to be both statistically significant and physically 

realistic coherences relating motion at these levels . 

Tidal Computations 

Results of the harmonic analysis of the lnngshore and cross-shelf 

current component time aeries are summarized for the principal tidal 

constituents in Table 1. Only the amplitudes are presented, as there is 

_insiderable difficulty in reliably determining the crest, and thus the 

phase angle, of a low-amplitude sine wave . All calculated amplitudes are 

legs than 1.9 cm/see which is well within the ± 2 .7 cm/sec precision of 

the current meter . There is some indication that the principal diurnal 

constituents are greater than the two principal semi-diurnal constituents . 

This is consistent with the dominance of diurnal water level variations 

in the northwestern Gulf of Mexico (Smith,1974), though the diurnal period 

amplitudes may be influenced in a non-random way by inertial period oscil-

lations is the current (local inertial period of 25 .78 hours at the study 

site) . If this were the case, one would expect greater amplitudes computed 

at near-surface levels . Table 1 suggests that this is in fact the case, 

casting further doubt on the reality of the computed tidal constituent 

amplitudes . Certainly the significance of tidal motions at the study site 

is minor . 
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TABLE 1 

AMPLITUDES (IN cm/sec) OF THE PRINCIPAL TIDAL CONSTITUENTS 
FROM 29 DAYS OF DATA, STARTING 0001 CST, 17 DECEMBER 1976 

K1 O1 M2 S2 

2 m Above Bottom 

Longshore Component 0 .7 0 .6 0 .3 0 .1 
Cross-Shelf Component 0 .9 1 .5 0 .7 0 .1 

7 m Above Bottom 

Longshore Component 0 .8 0 .4 0 .5 0 .2 
Cross-Shelf Component 0 .9 1 .6 0 .9 0 .4 

16 m Above Bottom 

Longshore Component 1 .5 0 .3 0 .9 0 .4 
Cross-Shelf Component 1 .2 1 .6 1 .5 0 .1 

23 m Above Bottom 

Longshore Component 1 .5 0 .8 1 .4 0 .8 
Cross-Shelf Component 1 .9 1 .9 1 .6 0 .8 

Note : KI and 01 are the principal diurnal tidal constituents, with periodi-
cities of 23 .93 and 25 .82 hours, respectively ; M2 and S2 are the 
principal semi-diurnal constitutents, with periodicities of 12 .42 
and 12 .00 hours, respectively . 
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Temporal Variability in Windstress 

Coastal wind data, recorded in analog form at the Port Aransas Marine 

Laboratory, were used to construct time series of longshore and cross-shelf 

windstress components . Time plots of these two data files, reconverted to 

analog form, are shown in Figures 14 and 15 . Several features are note-

worthy . First, there appears to be more energy contained in the longshore 

than in cross-shelf windstress components, with negative values signifi-

cantly greater than positive values . This may mean that the most available 

form of energy for generating or maintaining a wind-driven shelf circulation 

during this time was windstress-directed toward the south-southwest . This 

is consistent with the quasi-steady longshore flow observed in the progres-

sive vector diagrams . Longshore windstress directed toward 033° rarely 

exceeds 3 dynes/cm 2, while windstress toward 213° exceeds 6 dqnes/cm 2 on 

five occasions . These transient bursts may play an important part in 

driving the nearshore circulation . The low-frequency variations in long-

shore and cross-shelf windstress components are aperiodic, however, one 

can detect maxima and minima spaced over time intervals on the order of 

3 to 6 days throughout the record . 

Cross-shelf windstress directed onshore (positive values) is parti- 

cularly weak at this time of year . With only four to five periods of 

significant onshore winds recorded, the time plot is in effect bounded by 

the zero axis . The characteristics of the cross-shelf component of the 

windstress vector are important, as sub-surface cross-shelf motion may 

occur as a return flow to a-cross-shelf wind drift . 

Coherence Between Windstress and Sub-Surface Circulation 

Results of the coherence computations for selected pairs of windstress 

and current vector components are si-rized in Table 2 . Only time scales 
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Figure 14 . Longshore Windstress Component, in dynes/cm2, 
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TABLE 2 

COHERENCE-SQUARED VALUES FOR SELECTED PAIRS OF WINDSTRESS 
VECTOR COMPONENTS AND CURRENT VECTOR COMPONENTS, 

16 DECEMBER 1976 THROUGH 25 JANUARY 1977 . 
SPECTRAL RESOLUTION IS 0 .0036 cph ; 

95 PERCENT CONFIDENCE LIMIT IS 0.217 ; 
99 PERCENT CONFIDENCE LIMIT IS 0.314 

Upper Level (23 m Above Bottom) 

Longshore Windatress 
with longshore current 
with cross-shelf current 

Cross-Shelf Windstress 
with longshore current 
with cross-shelf current 

Lowest Level (2 m Above Bottom) 

Longshore Windstress 
with longshore current 
with cross-shelf current 

Cross-Shelf Windstress 
with longshore current 
with cross-shelf current 

Period (Hours) 

140 93 70 56 47 

0 .020 0 .028 0 .227 0 .275 0 .152 
0 .026 0 .094 0 .270 0 .284 0 .171 

0 .172 0 .394 0 .379 0 .272 0 .111 
0 .282 0 .370 0 .260 0 .288 0 .096 

0 .067 0 .042 0 .107 0 .225 0 .345 
0 .232 0 .272 0 .061 0 .016 0 .113 

0 .113 0 .203 0 .064 0 .162 0 .289 
0 .199 0 .328 0 .115 0 .004 0 .028 
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on the order of 2 to 6 days, commonly associated with meteorologically forced 

shelf processes, have been considered . Statistically significant coherence-

squared values are found at the 95%, and in some cases the 99% confidence 

limit for each of the current/windstress component pairs . 

There is little consistency apparent in Table 2, making interpretation 

somewhat difficult . Highest coherence-squared values are computed for the 

cross-shelf components recorded at the upper level . It appears that the 

3 to 4 day pulsing of the near-surface current occurs in response to the 

alternations in cross-shelf winds preceeding and following frontal passages . 

Interestingly, the coherence between longshore windstress and the long-

shore near-surface current is statistically significant only at the 95 per-

cent confidence limit . This would suggest that the longshore current is in 

response to more than local forcing. 

At the lower level, there is an apparent differential response to 

wind forcing for the longshore and cross-shelf current components . The 

longshore component of the current is most coherent with both cross-shelf 

and longshore windstress components over time scales on the order of two 

days . At the same time, the cross-shelf component of the current is more 

coherent with both windstress components over time scales of just under 4 

days . The explanation for this difference in the response characteristics 

of the two current components is not readily apparent . 

DISCUSSION 

Accumulated ship drift calculations and drift bottle studies provide 

a historical setting for this study, and it is appropriate to begin with a 

comparison to put the Rig Monitoring current data is a proper perspective . 

Charts for Gulf of Mexico waters (Hqdrographic Office, 1942) show currents 

toward the southwest and west-northwest during the months of December and 
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January, respectively . Multi-year monthly average surface current speeds 

for December and January are approximately 18 and 7 cm/sec, respectively . 

No information is available on either speed or direction for subsurface 

levels . These surface currents relate is a general way to surface winds 

at this time of year which characteristically blow out of the east or 

northeast over the Texas shelf . Occasional frontal passages produce nor-

therly or north-westerly winds . 

Drift bottle study results from winter months also reflect winds out 

of the northeast quadrant characteristic of this season . Due to the rela-

tively short time intervals involved for a given drop, considerably more 

scatter is to be expected in both the observed speeds and directions . 

Drift trajectories may be strongly influenced by transient wind events 

which may or may not be normal for the season . A review of net surface 

drift patterns, presented by Watson and Behrena (1970) and Bunter et at . 

(1974) among others, supports the general picture of a southwesterly 

drift in the winter months, but indicates at the same time a substantial 

number of recoveries reported along the coast north of a given drop site . 

Smith (1977) has shaven that subsurface motion along the central Teaas 

coast is well correlated with coastal winds . Thus, under appropriate wind 

conditions, longshore motion in either direction could be expected . Alter-

hating longshore motion was indeed recorded is the winter of 1973-1974, 

and the scatter in the drift bottle data may reflect the effects of low-

frequency variations in coastal winds . By the same token, the averages of 

all accumulated ship drift calculations may both obscure the alternating 

nature of longshore motion along the central Texas coast, and produce a 

resultant surface current vector which does not well represent the instan-

taneous motion . 

The four approximately 40-day time series obtained in the Rig Monitor- 
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iag Study are consistent with the concept of a net drift to the south-

west, but three periods of reverse flow are noted during the study . 

The progressive vectors indicate longshore motion to the northeast of 

78, 19 and 33 km past the top current meter, and transport of 48, 30 and 

32 km past the bottom current meter . The magnitude of the reversals in 

the net southwesterly flow make them as important feature of the winter 

shelf circulation patterns . 

An interesting aspect of the time series, though one that cannot be 

resolved with the available data, is the increasing onshore deflection of 

the resultant current vector with increasing height above the bottom . It 

is apparent that there is not a local balance of cross-shelf transport 

through the water column at this point . The pattern that emerges is one 

of a substantial onshore transport, occurring primarily in the upper part 

of the water column . The pattern could be explained by a loagshore cur-

rent which is accelerating, with the difference between the import and 

the export being provided by the onshore transport from further offshore, 

but this explanation can only be postulated with the available data . 

It is clear from the energy density computations, and from the cal- 

culations of the harmonic constants of the principal tidal constituents 

that neither tidal nor inertial motions make up a significant component 

of the observed total motion . The increase in diurnal period variations 

noted with increasing height above the bottom suggests that there may be 

measurable inertial motions in the surface layer . Tidal motions seem to 

be insignificant at this location throughout the water cola . 

With Insignificant tidal currents, minor inertial motion, and no per-

manent coastal boundary current affecting the central Texas coast, it in 

safe to conclude that the circulation of the Texas outer continental shelf 
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is predominantly wind-driven and varies most generally in response to 

seasonally changing wind patterns . It is to be expected that the shelf 

circulation responds over shorter time scales to specific meteorological 

events as well . The details of this air-sea coupling over intermediate 

time scales are of substantial interest but await a more detailed study . 
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ABSTRACT 

Transmissivity profiles were scheduled to be taken at five stations 
(DS or 100 m from DS in the sediment plume, N-1000, E-1000, 5-1000 and 
W-1000), during pre-, during- and post-drilling surveys . However, due to 
equipment failure, profiles for the during and post-drill surveys were not 
obtained . Salinity, temperature, and depth data were also obtained at these 
stations . Avery thin layer (2-2 .5 m) of turbid water, the nepheloid 
layer, was observed on the bottom in the drill site area during the pre-
drilling survey . 
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INTRODUCTION 

Transmissivity profiles were scheduled to be taken during the pre-, 

during- and post-drilling surveys . Profiles were to be taken at the drill 

site (100 m from the drill site, in the sediment plume for the during-

drilling survey) N-1000, E-1000, 5-1000 and W-1000 . Unfortunately, pro-

files were only obtained for the pre-drilling stations due to a malfunc-

tion of the transmissometer . Salinity and temperature profiles were also 

taken with the pre-drilling transmissivity profiles . 

METHODS AND MATERIALS 

The transmissometer used for these measurements was a MARTEK model 

AKS with a 1-m folded light path . The output from this instrument was 

connected to a Hewlett-Packard %-Y recorder so that a continuous and per-

manent graph was recorded for each lowering . 

Salinity, temperature, and depth data were acquired with a PLESSEY 

9006 system . This system incorporates a signal processor unit coupled 

with a graphic printer to give a permanent record of events in relation 

to depth . These data were also checked through the use of surface sali-

nity and temperature readings taken with a salinometer and bucket thermo-

meter . 

The pre-drilling survey was conducted aboard the R/V GYRE during 

cruise 76G8 . 

RESULTS AND DISCUSSION 

Temperature, salinity and transmissivity values for the five pre-

drilling survey stations are listed in Tables 1-S and plotted against 

depth in Figures 1-5 . Avery thin (2 .0-2 .5 m) layer of turbid water was 



TABLE 1 

PRE-DRILL 
SALINITY, TEMPERATURE AND TRANSMISSIVITY OBSERVATIONS AT STATION-DS (DRILL SITE)' 

Depth (m) Temperature (°C) Depth (m) Salinity (ppt) Depth (m) Transmissivity (X) 

0 .38 24 .83 0 .75 34 .05 0 .54 55 .99 
4 .13 24 .83 9 .75 34 .56 4 .95 55 .59 
5 .63 24 .91 10 .88 34 .54 7 .47 54 .19 
7 .50 24 .87 13 .13 34 .64 10 .08 56 .39 
9 .00 24 .90 18 .75 34 .79 13 .68 60 .98 

10 .13 24 .85 19 .13 34 .66 15 .30 61 .98 
18 .38 24 .85 20 .25 34 .79 16 .65 59 .28 
19 .88 24 .92 20 .63 34 .80 19 .08 62 .57 
20 .25 24 .87 21 .00 34 .93 21 .69 63 .07 
21 .00 24 .89 22 .50 34 .93 24 .12 63 .47 
22 .50 24 .89 26 .64 60 .48 

26 .91 55 .99 
28 .26 4 .29 

i r 

1 Water depth at Station DS was 28 .30 m (as recorded by transmissometer) . 
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TABLE 2 

PRE-DRILL 
SALINITY, TEMPERATURE AND TRANSMISSIVITY OBSERVATIONS AT STATION N-10001 

Depth (m) Temperature (°C) Depth (m) Salinity (ppt) Depth (m) Transmissivity (%) 

0 .47 24 .81 0 .50 33,92 2 .53 46 .36 
3 .72 24 .80 13 .06 34 .57 2 .89 50 .75 
9 .78 24 .93 22 .10 34 .73 9 .65 56 .83 

10 .24 24 .90 23 .11 34 .75 10 .19 59 .12 
12 .57 24 .90 26 .12 35 .33 26 .96 61 .71 
13 .97 24 .87 27 .87 56 .23 
18 .62 24 .87 29 .85 6 .18 
22 .34 24 .91 
23 .28 24 .79 
23 .74 24 .88 
24 .21 24 .90 
26 .53 24 .87 

i 

1 Water Depth at Station N-1000 was 29 .85 m (as recorded by transmissometer) . 
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TABL ~ 3 

PRE-DRILL 
SALINITY, TEMPERATURE AND TRANSMISSIVITY OBSERVATIONS AT STATION E-10001 

Depth (m) Temperature (°C) Depth (m) Salinity (ppt) Depth (m) Transmissivity (~) 

0 .00 24 .71 0 .75 33 .81 0 .09 0 .10 
0 .38 24 .74 3 .75 34 .42 2 .07 51 .65 
2 .25 24 .75 6 .38 34 .51 8 .91 55 .64 
4 .50 24 .88 10 .13 34 .54 11 .16 59 .44 
6 .00 24 .81 12 .00 34 .70 19 .35 59 .94 

12 .75 24 .82 15 .10 34,76 20 .97 58 .04 
15 .15 24 .85 22 .13 35 .76 23 .49 59 .74 
19 .50 24 .83 24 .93 58 .04 
21 .75 24 .57 26 .73 52 .15 
24 .38 24 .57 27 .99 43 .46 

29 .61 5 .00 
30 .42 3 .60 

i 00 

1 Water depth at Station E-1000 was 30 .5 m (as recorded by transmissometer) . 
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TABLE 4 

PRE-DRILL 
SALINITY, TEMPERATURE AND TRAN SMISSIVITY OBSERVATIONS AT STATION S-10001 

Depth (m) Temperature (° C) Depth (m) Salinity (ppt) Depth (m) Transmissivity (x) 

0 .00 24 .78 0 .75 33 .94 1 .08 55 .49 
6 .00 24 .78 3 .00 34 .26 6 .12 56 .39 

11 .25 24 .86 6 .37 34 .56 9 .90 56 .19 
19 .88 24 .86 10 .12 34 .65 13 .14 59 .98 
21 .00 24 .72 12 .37 34 .66 15 .84 63 .87 
21 .38 24 .81 14 .25 34 .71 22 .41 64 .87 

19 .75 36 .17 27 .09 64,57 
20 .38 36 .23 29 .16 51 .90 

29 .20 23 .65 r 
F-~ 
O 

1 Water depth at Station S-1000 was 29 .25 m (as recorded by transmissometer) . 
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TABLE 5 

PRE-DRILL 
SALINITY, TEMPERATURE AND TRANSMISSIVITY OBSERVATIONS AT STATION W-10001 

Depth (m) Temperature (°C) Depth (m) Salinity (ppt) Depth (m) Transmissivity (% ) 

0 .00 24 .86 0 .38 33 .94 1 .36 51 .39 
2 .63 24 .85 15 .75 34 .75 4 .88 49 .80 
7 .50 24 .92 16 .88 34 .75 6 .33 54 .08 
9 .75 24 .91 20 .63 35 .42 8 .77 56 .87 
10 .88 24 .94 22 .13 35 .42 9 .85 58 .86 
13 .88 24 .90 14 .46 60 .16 
16 .50 24 .93 15 .45 58 .86 
18 .00 25 .02 18 .90 55 .98 
19 .50 24 .84 20 .36 47 .71 
22 .13 24 .84 22 .30 6 .37 

~'Water Depth at Station W-1000 was 22 .5 m (as recorded by tranamissometer) . 
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observed on the bottom in the area of the drill site . On only one 

lowering at Station W-1000 did the STD probe penetrate the nepheloid 

layer . The measurements at this station (Table 5) showed the presence 

of a mixed layer of isothermal and isohaline water lying up to two to 

three meters above the bottom. The coincidence of the top of the mixed 

layer with the top of the nepheloid layer is a very common occurrence on 

the Texas outer continental shelf and indicates that the same forces 

that cause the mixing are responsible for the re-suspension of the bot-

tom sediments to form the nepheloid layer . 

It is rather unfortunate that the transmissometer malfunction pre-

vented the acquisition of transmissometry data for the during-drilling 

~urvey . With such a thin nepheloid layer, it would have been relatively 

easy to trace the sediment plume from the drilling rig . 
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CHAPTER FIVE 

SELECTED WATER COLUMN MEASUREMENTS : 
LOW-MOLECULAR-WEIGHT HYDROCARBONS 

Department of Oceanography 
Texas A 6 M University 

Principal Investigators : 

William M . Sackett 
James M. Brooks 

Associate Investigators : 

Bernie B . Bernard 
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ABSTRACT 

No anomalies in low-molecular-weight hydrocarbon concentrations were 
observed at the rig monitoring site during the pre-, during- and post-
drilling surveys . Drilling platforms are not significant sources of light 
hydrocarbons to the surrounding waters, unless a catastrophic event such 
as a well blowout occurs . Since the drilling at the rig monitoring site 
was only an exploratory well, no additions of light hydrocarbons were 
expected and none were observed . Production platforms, not drilling plat-
forms, are the major sources of light hydrocarbons from offshore operations . 
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INTRODUCTION 

Light hydrocarbon inputs from drilling platforms have been reported 

previously by Brooks et at . (1977) and Brooks (1975) to be negligible . 

Possible sources of LMWH from drilling platforms are resuspension of bot-

tom sediments containing higher levels of LMWH, discharge of drilling muds 

containing these volatiles, or loss of gas or fluids (e .g., brine or oil) 

from the drill stem . On previous occasions samples have been taken within 

mud plumes created by drilling platforms on the Louisiana shelf with a 

hydrocarbon "sniffer" . On these occasions little effect was observed of 

the drilling mud on LMWH levels in the water column . The loss of hydro-

carbons from a drilling rig occurs to a significant extent only as the 

result of a catastrophic event, such as a well blowout or platform fire . 

Although these events are rare, several incidents have been observed in the 

northwest Gulf of Mexico by the P .I .'s over the last seven years . The 

most recent of these was a well blowout and drilling platform loss in the 

High Island Area by Pennzoil Oil Company in November 1976 . Brooks and 

Bernard (1977) studied the gas seepage, light gaseous and liquid hydro-

carbon effects, and sediment redistribution resulting from the loss of 

this drilling platform and creation of a 350-ft deep crater . In this 

particular case, there were significant inputs of C1-Clg hydrocarbons . 

These inputs could be observed several miles distance from the 400,000 

ft3/day volume o£ gas emanating from the crater almost four months after 

loss of the platform . Aside from catastrophic events, however, drilling 

platforms have been found previously not to be significant sources of I.MWIi . 

The major additions of LMWH to shelf waters from offshore operations 

^-7me from offshore productions platforms, not drilling platforms (Brooks 

et at ., 1977 ; Sackett and Brooks, 1975 ; Brooks and Sackett, 1977) . On 
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the Louisiana shelf, very large inputs of light hydrocarbons are observed 

from petroleum production operations . These inputs result in very drama-

tic and complex temporal and spatial distributions of light hydrocarbons 

on this shelf . The major sources of volatile hydrocarbons from offshore 

operations are the underwater venting of waste gases and brine discharges . 

These sources selectively discharge the most immediatelq toxic component 

of petroleum, the light liquid aromatic hydrocarbons . These sources are 

apparently responsible for the two-orders-of-magnitude increase is Louis-

iana shelf waters over open ocean levels of the light hydrocarbons . Over 

2 a 108 ft3 of gas and 320,000 barrels of brine are discharged into 

Louisiana shelf waters daily . These discharges from producing platforms 

contain a wide spectrum of gaseous and gasoline-range hydrocarbons that 

are unregulated is content . 

MATERIALS AND METHODS 

The drilling platform was surveyed pre-, during- and post-drilling 

for law-molecular-weight hydrocarbons (LMWH) . The sampling pattern at 

the site consisted of one station at the anticipated drill site and 

48 stations located on transacts radiating outward from the drill site 

forming a pattern as indicated is Tables 1_5 . The sampling stations were 

located at distances of 100, 500, 1000 and 2000 a from the drill site . The 

drill site (DS) sad four stations (North, East, South and west) 1000-m 

distant from the DS were sampled for the pre-drilling survey, whereas for 

the during- and post-drilling surveys 48 and 49 stations were occupied, 

respectively . 
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Samples were taken by standard hqdrographic casts using Nansea bottles 

lowered to 2 m below the sea surface . After retrieval, the sea water 

samples were transferred by gravity flow into 200 ml bottles . The bottles 

_e capped so as to avoid entrapment of gas bubbles . Samples were poi-

soned with sodium azide to inhibit bacterial alteration . 

The LMW hydrocarbon concentrations were determined by a modification 

of the Swinaerton and I.inaenbom (1567) method . The samples of sea water 

ware purged by a hydrocarbon-free helium stream and the LMW hydrocarbons 

were adsorbed on a trap cooled to liquid nitrogen temperature . The trap 

was then isolated, heated, sad coupled by a slide valve to the gas chroma-

tographic stream for analysis . The hydrocarbons were separated on a l.8 m, 

1.5 mm I.D . Porapak Q column and detected with a flame ionization detector 

(FID) . Sensitivity of the method is 0.5 n1 hydrocarbons/9. seawater, and 

precision is generally better than t Sz for methane . 

RESULTS AND DISCUSSION 

Tables Z through 6 show IMWH concentrations is the drilling site area 

pre-, during-, gad post-drilling . Methane concentrations (Table 1) were 

relatively constant is surface water at approximately 90, 80 and 130 nl/L 

for the pre-, during-, and post-drilling, respectively . The changes in 

average methane concentrations from pre- to post-drilling periods are not 

of concern since, depending on currents, sea state, .aad wind conditions, 

the turbidity of water ranged from being fairly low is suspended matter 

to the typical "green" aearshore waters . This type of change greatly 

affects methane concentrations since methane can be produced in situ from 

suspended matter . Thus, the approximately 75 to 250x supersaturation 

in methane concentrations with respect to the partial pressure in the atmos-

phere can be explained by the changing turbidity of the water and not inputs 



TABLE 1 

METHANE CONCENTRATIONS (nl/1) PRE-, DURING-, AND POST-DRILLING 

(Drill Site) 100 m 500 m 1000 m 2000 m 
Direction Pre During Post Pre During Post Pre During Post Pre Durin g Post Pre Durin g Post 

N 78 118 77 117 89 79 122 79 113 

NNE - - - - 82 117 80 111 

NB 82 118 78 137 78 138 83 132 

ENg - - - - 78 120 78 120 

E 79 127 77 117 91 80 129 82 - 

ESE - - - - 82 121 83 132 

SE 78 127 77 134 82 121 80 110 

SSB - - - - 80 136 83 135 

S 77 138 78 116 87 78 119 80 130 

SSW - - - - 80 137 81 134 
SW 82 122 79 136 79 119 79 119 

WSW - - - - 79 140 78 140 

w 77 134 80 131 89 77 125 82 126 

WNH - - - - 78 147 78 126 

NW 82 112 78 138 79 104 82 131 

NNif - - - - 78 134 82 134 

DSO 96 132 

i o. 

*Samples were taken at a depth of 2 s . 
Drill site 



Direction 

N 

NNB 

NB 

ENB 

B 

ESL 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

DS* 

TABLE 2 

ETHENE CONCENTRATIONS (nl/1) PRE-, DURING-, AND POST-DRILLING 

Drill Site 100 w 500 m 1000 m 2000 a 
Pre During Poet Pre During Poet Pre During Post Pre During Post Pre During Post 

4 .9 4 .2 

2 .9 6 .0 3 .3 4 .8 4 .9 2 .9 3 .5 3 .2 3 .4 

- - 3 .4 3 .9 3 .1 3 .0 
3,3 4 .9 3 .0 5.0 3 .1 4 .3 3 .1 4 .3 

- - 3 .3 4 .1 3.1 3 .7 
3 .8 6 .1 3 .0 6 .2 4 .5 3 .1 4 .2 3 .1 

- - - - 3 .3 4 .0 2 .9 4 .3 
3 .0 4 .5 3 .1 5 .5 2 .9 4 .5 3 .0 3 .4 

- - - - 2 .9 4 .1 2 .9 4 .0 
3 .3 4 .6 3 .4 5 .1 4 .9 2 .6 3 .9 3 .4 3 .8 

- - - - 2 .9 3 .2 3 .2 3 .1 
3 .9 4 .8 3,5 6,0 2 .4 4 .0 3,3 3 .6 

- - - - 2 .6 4 .0 3 .5 3,6 
3,3 4 .8 3 .1 5,5 4 .7 3 .3 3 .5 3,8 4 .4 

- - - - 3 .5 3 .6 2 .7 3 .4 
3 .5 3 .8 3 .1 4 .8 3 .1 3 .0 3 .3 3 .8 

- - - - 3 .3 3 .5 3 .2 4 .0 

V 

Samples were taken at a depth of 2 w. 
*Drill Site 



TABLE 3 

ETHANE CONCENTRATIONS (nl/jt) PRE-, DURING-, AND POST-DRILLING 

Drill Site 100 m 500 m 1000 a 2000 s 
Direction Pre During Poet Pre During Poet Pre During Poet Pre During Poet Pre During Poet 

N 

NNS 

NE 

ENB 

E 

ESE 

SE 

SSB 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

DS* 0 .7 2 .6 

0 .8 0 .9 0 .9 0 .9 0 .7 0 .9 0 .7 0 .8 0 .7 

- - - - 0 .9 0 .7 1 .3 1 .0 

1 .0 0 .8 0 .9 2 .6 0 .8 2 .0 1 .0 0 .8 

- - - - 0 .9 0 .7 1 .0 1 .2 

1 .3 2 .4 0 .9 0.9 0,6 0 .9 1 .9 0 .8 - 

- - - - 0 .9 0 .7 0 .9 1 .2 

1 .0 0 .9 0 .9 2 .7 0 .9 0 .9 0 .8 0 .7 

- - - - 0 .8 2 .0 0 .8 1 .3 

1 .0 3 .3 0 .9 0 .9 1 .0 0 .9 0 .1 0 .9 0 .7 

- - - - 0 .9 2 .4 0 .9 1 .3 

1 .0 1 .3 1 .0 3 .2 1 .0 0 .1 0 .9 0 .9 

- - - - 1 .0 2 .2 1 .0 1 .4 

0 .9 1 .0 0 .9 1 .9 0 .7 0 .9 0 .7 1 .0 0 .9 

- - - - 0 .9 2 .2 0 .8 1 .0 

1 .0 3 .6 0.9 2 .7 0 .9 0 .7 1 .0 0 .9 

- - - - 0 .8 1 .8 1 .0 1 .1 

Ln 
i w 

Samples were taken at a depth of 2 m. 
*Drill Site 



Direction 

N 

NNE 

NB 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

DS* 

TABLE 4 

PROPENE CONCENTRATIONS (nl/1) PRE-, DURING-, AND POST-DRILLING 

Drill Site 100 m 500 m 1000 m 2000 m 
Pre During Post Pre During Poet Pre During Post Pre During Poat Pre During Poet 

1 .5 3,3 

0.7 2 .1 0 .8 1 .9 1 .4 0 .9 1 .5 1 .0 1 .5 

- - - 0.8 1 .7 1 .2 1 .4 

0 .7 2 .2 0 .8 1 .9 0 .9 1 .8 0 .8 1 .7 

� - - - - 0 .9 1 .8 1 .0 1 .2 

0 .8 2 .3 0 .8 2 .7 1 .3 0 .9 1 .7 0 .8 - 

- - - - 1 .0 1 .6 0 .9 1 .7 

0 .8 2 .2 0 .8 2 .3 0 .8 1 .7 1 .0 1 .5 

- - - - 0 .8 1 .9 0 .8 1 .5 

0 .8 2 .6 1 .0 2 .4 1 .2 0 .8 1 .6 1 .0 1 .9 

- - - - 0 .7 1 .6 0 .9 1 .6 

1 .3 3 .9 0 .8 2 .5 0 .8 1 .6 0 .9 1 .5 

- - - - 0 .8 1 .8 0 .9 1 .7 

0 .8 2 .1 9 .8 1 .6 1 .3 0 .9 1 .5 0 .9 1 .7 

- - - - 1 .0 1 .6 1 .0 1 .4 

1 .3 7 .8 0 .9 1 .8 0 .8 1 .3 1 .2 1 .5 

- - - - 0.8 1 .6 0 .9 1 .6 

i 

Samples were taken at a depth of 2 m. 
*Drill Site 



Direction 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

w 

WNW 

NW 

NNW 

DS* 

TABLE 5 

PROPANE CONCENTRATIONS (nl/1) PRE-, DURING-, AND POST-DRILLING 

Drill Site 100 m 500 m 1000 m 2000 m 
Pre During Poet Pre During Post Pre During Post Pre During Poet Pre During Poet 

0 .9 1 .6- 

0 .9 0 .9 0 .9 1 .4 0 .9 1 .3 1 .0 1 .2 0 .9 
- - - 1 .5 1 .1 0 .9 0 .9 

0 .9 0 .9 1 .0 1 .1 1 .0 0 .7 0 .6 0 .8 
- - - - 1 .0 1 .1 1 .2 0.7 

1 .4 1 .3 1 .0 1 .2 0 .6 1 .2 1 .0 1 .0 - 
- - - - 1 .2 0 .7 1 .0 0 .8 

0 .8 0 .7 0 .9 1 .0 1 .0 0 .8 1 .2 1 .2 
- - - 1 .0 0 .7 1 .1 0 .9 

0 .7 1 .0 0 .9 0 .9 0 .8 1 .0 0 .7 1 .2 1 .0 

- - - 0 .9 1 .4 1 .0 0 .7 
1 .7 1 .3 0 .9 0 .8 1 .0 0 .8 0 .9 0 .7 

- - - - 1 .0 0 .8 1 .0 1 .1 
0 .9 1 .3 1 .0 1 .0 0 .6 1 .0 0 .8 1 .3 1 .1 

- - - - 1 .2 1 .1 1 .0 1 .0 
0 .8 1 .4 0 .9 1 .0 1 .0 1 .3 1 .2 1 ..3 

- - - - 0 .9 0 .8 0 .9 1 .0 

h+ 
O 

Samples were taken at e depth of 2 m. 
*Drill Site 
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TABLE 6 

LMWH PROFILE AT DRILLING SITE 
PRIOR TO DRILLINGI 

Depth Methane 
(nl/~.t) 

Ethene 
(nl/R) 

Ethane 
(nl/'k) 

Propene 
(nl/'k) 

Propane 
(nl/1) 

0 90 4 .2 0 .5 1 .4 0 .7 

10 82 4 .2 0 .5 1 .4 0 .6 

20 92 4 .2 0 .4 1 .4 0 .5 

30 377 6 .4 0 .8 0 .8 0 .5 

iSamples taken 3-X-76 



5-12 

from the platform . 

Table 6 shows a vertical profile taken at the drilling site in 

-`~+ber 1976 . All hydrocarbon concentrations were fairly uniform in the 

top 20 m, but methane showed a four-fold increase near the bottom . This 

was probably the result of an increase with increasing suspended load 

due to in situ production from particulate organic matter . 

Unsaturated low-molecular-weight hydrocarbon levels would not be 

expected to increase even in the event of petroleum additions, since 

unsaturated hydrocarbons are not detectable in oil or gas . The unsatur-

ated hydrocarbons found in the waters around the drilling site reflect 

in situ biological activity . Ethene and propene are both produced as 

metabolic products from biological activity in the water column . Ethane 

(Table 3) and propane (Table 5) are typically found in petroleum inputs 

into coastal waters . Their concentrations in coastal waters are con-

trolled by a small amount of in situ biological production, air sea 

exchange, and man-derived inputs (e .g ., transportation losses, offshore 

platforms, and river runoff) . The levels found at the rig monitoring 

site were within the range established for nearshore coastal waters by 

the STOCS monitoring study . No additions were noted from the drilling rig . 

CONCLUSIONS 

No additions of low-molecular-weight hydrocarbons were observed at 

the rig monitoring site during the pre-, during-, and post-drilling sur-

veys . The concentrations of hydrocarbons in the waters around the drill-

ing site were typical of nearshore shelf waters at all three samplings . 

The drilling rig at Mustang Island lea Block 755 was not adding measur-

able quantities of light hydrocarbons to the surrounding waters . 
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ABSTRACT 

The trace metal content of suspended sediments fell within the range 
established during the environmental phase of the South Tense Outer Con-
tinental Shelf study with the exception of cadmium and zinc . It is sus-
pected that the high and variable values obtained for these metals were a 
result of sampling or procedural contamination. Three clay minerals were 
detected in these samples : montmorillonite ; illite ; and, kaolinite . The 
presence of montmorillonite in the samples from the during-drilling phase 
may have resulted from the drill fluid sinking to the sea floor as previous 
work has shown that early spring waters in the region are almost devoid of 
montmorillonite . 

Chromium, copper, manganese, and nickel levels in the sediment, showed 
no apparent change as a result of drilling activity . Levels of iron and 
vanadium, co-variant elements, were somewhat lower, while lead showed a 
two-fold increase after the drilling activity . Zinc, barium and cadmium 
were directly tied r.;, drilling activity as these elements showed a marked 
increase at the drill site following drilling operations . 
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INTRODUCTION 

This report presents the results of the sampling for suspended 

material taken on cruises before (September 25-27, 1976), during (Jan-

nary 7 and 14, 1977), and after (February 28 March 1, 1977) the operation 

of the drilling rig . The benthic sediment samples were taken only prior 

to and after the drilling operation . 

METHODS AND MATERIALS 

Sampling 

The sampling effort for this study was systematized by the establish-

ment of a circular grid around the drill site . Samples for benthic trace 

metal analysis were taken at the drill site and at 1000 m north, east, 

south and west . Suspended sediment samples were taken at five depths 

at the drill site, both before and after the operation of the rig . Dur-

ing drilling activity, the suspended sediments of the water column were 

sampled both within and opposite the plume . It should be noted that 

sample sites for prior and post operations were not identical as explained 

in Chapter 1, page 1-18, under Sampling Problems . 

Benthic samples of the upper 5 cm were taken by a Smith-McIntyre 

sampler and transmitted to the laboratory in polyethylene sample contain-

ers . Suspended sediment samples were taken with a 30-tt Niskin sample 

bottle and transferred to precleaned polyethylene two gallon bottles and 

frozen prior to transportation to the laboratory . All samples were taken 

by personnel of the University of Texas Marine Science Institute, Port 

Aransas Marine Laboratory, from the R/V LONGHORN . 

Suspended Sediments (Trace Metals ) 

In the laboratory, the samples were thawed and concentrated by fil- 
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tration. Filtration was accomplished by an adaptation of the in situ 

filters to a laboratory procedure . Filters were made by heat-sealing 

0.4 um NUCLEOPORE filter material to make bags 3.5 cm in diameter by 

7 cm length . The filter bags were encapsulated in polyethylene vials 

to which entrance and exit tubes had been selaed at each end . The in-

line filter capsules were washed with 1:1 nitric acid and deionized water 

before use . The filters were attached to polyethylene bottles contain-

ing the water to be filtered by means of polyethylene fittings sealed 

to the bottle cap . Approximately 10 R of seawater were then allowed 

to flow through the filter . Once filtration was complete, the encap-

sulated filters were sealed in polyethylene bags and frozen . 

Analytical preparation was performed in an ENVIRCO clean bench 

which utilizes a filtered air flow to isolate the interior of the 

bench from the remainder of the laboratory . All weighings were made on 

a PERKIN-ELMER AD-2 Autobalance readable to 0.1 ug placed in the clean 

bench . Only deionized water and redistilled nitric acid (G . Fredrick 

Smith Chemical Co .) were used in the analytical procedure . All labware 

was washed with 1:1 nitric acid and deionized water before use . 

The filter capsules were opened and the filter bags carefully 

inverted . A jet of deionized water was then directed onto the exposed 

filtering surface. The water and dislodged particulate material was 

collected in a 100 ml polyethylene beaker ; 70 to 100 ml of deionized 

water was used in this step . The procedure serves the double purpose 

of transferring the particulate material and removing any residual salt . 

his suspension was then filtered under vacuum on a 25 mm diameter, 0 .4 um 

pore size NiJCLEOPORE filter which had been acid washed, dried over 
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anhydrous magnesium perchlorate and weighed . The filters with sample 

material were then placed in a desiccator over anhydrous magnesium per-

chlorate for 24 hours and then reweighed . 

The filter and sample were then placed in a 50 ml teflon beaker . 

Two ml of concentrated nitric acid were added and the samples taken to 

dryness under infrared lamps at a temperature of 80°C . One ml of concen-

trated nitric acid was then pipetted onto the dry sample . The sample and 

acid were allowed to equilibrate for one-half hour and were then trans-

ferred to an acid-washed lucite sample cup . This solution was then used 

for analysis by atomic absqrption spectroscopy . 

All analyses were performed on a PERKIN-ELMER model 303 atomic 

absorption spectrophotometer using a model 2100 HGA graphite furnace . 

Dilutions were made when necessary with concentrated nitric acid . 

Blank values were determined for all metals analyzed on the deionized 

water and redistilled nitric acid . Two procedural blanks were determined 

by taking one of the original acid-washed filter capsules through the 

entire procedure as if it were a sample . The averages of these blank 

values were used in all calculations . 

The sample size, 0 .1 to 15 mg total weight, made contamination a 

critical problem in the analysis . Contamination can be divided into three 

types : contamination associated with the ship, i.e . .paint chips, stack 

cinders, or rust which might have fallen into the water and been included in 

the sample ; contamination associated with the filtering and analytical 

procedure, i.e ., atmospheric dust in the laboratories or metals used in 

the manufacture of the filters, beakers, pipette tips, etc ., and not 

removed ; and finally, impure reagents . 
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Atmospheric contamination was kept to a minimum by performing sample 

preparation is a clean bench which utilizes filtered forced air flow to 

eliminate atmospheric dust . Metal contamination from the laboratory ware 

was not so easily controlled . Sommerfeld et aZ . (1975) have shows that 

both zinc and iron are contaminants of disposable pipette tips of the type 

commonly used to introduce a sample into the graphite furnace . Robertson 

(1968) has shown that a number of plastics sad glasses commonly used for 

the manufacture of laboratory ware contain traces of metals . For this 

reason, all laboratory ware was washed in 1 :1 nitric acid before use . 

However, it was determined that the disposable pipette tips and lucite 

sample cups had to be washed in concentrated nitric acid before an accep-

table blank could be obtained . 

Two reagents used in processing the samples were deionized water and 

redistilled nitric acid from G . Fredrick Smith Co . The deionized water 

showed concentration levels of all metals too low to quantitatively deter-

mine . In the acid, only iron, zinc, and cadmium showed determinable 

levels (Table 1) . These values were probably due to pipette tip contami-

nation since the procedural blank was lower in zinc and iron than the 

acid blank . 

In view of the several sources of contamination, a procedural blank 

was run . This was done by taking an acid washed encapsulated filter, 

sealing it in a polyethylene bag, freezing it, and then placing it in 

the normal processing stream with the samples (Table 1) . These were the 

blank values used in calculating dry weight concentrations . Procedural 

blanks for all elements except zinc were negligible . The zinc blanks 

were sufficiently high to make the data useless and these data are not 

included in this study . The origin of the contamination is unknown . 
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TABLE 1 

Redistilled nitric acid 

Procedural Blank 

Redistilled nitric acid 

BLANK VALUES 

Cd Fe Zn Pb 

0 .8 ppb 0 .3 ppm 12ppb - 

0 .8 ppb 0 .24ppm >100ppb 0 .14ppm 

Cu Cr Ni V Mn 

Procedural Blank 60ppm 40ppb .04ppm llppb lOppb 
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Suspended Sediments 

Mineralogy 

The mineralogical samples were filtered through a 27 mm silver filter 

with a nominal pore diameter of 0.4 um (SELAS FLOTRONICS) . The mineralogy 

was then determined by X-ray diffraction techniques . The samples were 

analyzed via a DIANO automatic diffraction X-ray system (RRD-8300AD) . 

This latter instrument allows for greater precision in the determination 

of peak areas and "d" spacing used to identify the minerals present . The 

procedure used for mineralogical identification was the same as outlined 

by Carroll (1970) . The method of quantification was a modification of the 

procedure used by Biscaqe (1965) . 

Benthic Sediments 

Trace Metals 

The concentration of trace metals in the sediment samples were deter- 

mined by atomic absorption techniques . Triplicate subsamples from all 14 

samples were run; more than three runs were made on randomly selected 

subsamples . The procedure of analysis was as follows : in the laboratory, 

the entire sample was removed from the sampling container, placed in a 

porcelain dish, mixed and dried at 100°C under infrared lamps . The sample 

was then removed and ground in a porcelain mortar to pass through a 200 

mesh SPER nylon screen . After homogenization, three subsamples were 

extracted, placed in a crucible and heated to 450°C for four hours to ash 

the organic component of the sample . The sample was then reweighed, 

transferred to as acid-washed culture tube and leached with concentrated 

nitric acid at 105°C until oxidation ceased . This method was used for 
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all elements except barium . Barium was brought into solution by a 1:1 

mixture of concentrated nitric acid and 30% peroxide . The resul- 

tant solution was then analyzed by atomic absorption spectrophotometer . 

Table 2 gives the parameters used in . the analysis of the metals . 

A measure of analytical precision was obtained by statistical analysis 

of the results of the triplicate analyses . As these results were obtained 

from the concurrent "runs", they were a measure of sample homogeneity and 

reproducibility of the instruments and operator . A further measure of 

analytical accuracy was obtained by statistical analysis of all "runs" 

run more than three times . As these were obtained from different "runs", 

often weeks apart and by different analysts, the approach was a measure 

of the "accuracy" of the method . The results are summarized is Table 3 . 

RESULTS AND DISCUSSION 

Suspended Sediments (Trace Metals ) 

The trace metal content of the suspended sediments is given in Table 

4 . As noted above, zinc values were not recorded due to procedural con-

tamiaation . Of the remaining metals, cadmium also appeared to be severely 

contaminated . During the environmental phase of the South Texas Outer 

Continental Shelf study, cadmium is suspended sediments averaged 5 ppm 

with a maximum of 100 ppm. The average for cadmium in the pre-drilling 

samples was 370 ppm with a maximum value of 740 ppm. Other sampling nets 

is the rig monitoring program had higher than expected values for cadmic . 

Procedural blanks for cadmium were negligible . It is, therefore, suspected 

that the high sad variable results for cadmium are the result of contami-

nation during sampling . Results for other metals listed is Table 4 fill 

within the range established in the environmental study . However, the 

results were highly variable and did not appear to fit any pattern. 



TABLE 2 

INSTRUMENT PARAMETERS AND MODE OF ANALYSIS 
(303PE WITH AN HG2100 GRAPHITE FURNACE) 

Wave 
Element Length Dilution Mode Dry Temp . Aching Temp . Atom . Temp. 

Ba 2776 1 :20 (1 :200) Flameless 
Cd 2293 1 :10 Flameless 
Cu 3262 1 :10 Flame 
Cr 3589 1 :100 Flameless 
Fe 2483 1 :1000 Flame 
Mn 2801 1 :1000 Flame 
Ni 2330 1 :10 Flame 
Pb 2842 1 :10 Flameless 
V 3194 1 :10 Flameless 
Zn 2146 1 :100 Flame 

100°C 1200°C 2700°C 
100°C 250°C 2100°C 
1006C 900°C 2700°C 
100°C 1200°C 2700°C 

100°C 1200°C 2500°C a` 
100°C 550°C 2000°C o 
100°C 1700°C 2700°C 
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TABLE 3 

PERCENT DEVIATION FROM THE MEAN VALUE OF TRACE METAL ANALYSES 
(DATA REPORTED AS PERCENT DEVIATION FROM MEAN VALUE) 

Element 

Ba 
Cd 
Cu 
Cr 
Fe 
Mn 
Ni 
Pb 
V 
Zn 

Analysis in triplicate 
Mean Standard Deviation 

(PPm) 

8 .11 
5 .64 
7 .32 
4 .87 
2 .08 
4 .70 
5 .19 
8 .88 
4 .03 

6 .76 
4 .67 
5 .10 
4 .10 
2 .40 
3 .87 
4 .26 
5 .62 
3 .27 

Analysis run more 
than three times 

Mean Standard Deviation 
(PPm) 
7 .22 5 .39 

21 .63 12 .40 
11 .64 8 .18 
14 .61 6 .32 
11 .91 6 .78 
9 .21 6 .08 

15 .91 7 .93 
13 .36 8 .06 
15 .80 5 .65 
10 .68 5 .19 

Average 5 .64 13 .86 



TABLE 4 

TRACE METALS (ppm) IN SUSPENDED SEDIMENTS 

PRE-DRILLING Cd Cr Cu Fe Mn Ni Pb V 

SURF 8.4 305 69 .5 12700 128 TR 82 .8 TR 
8m 380 .0 174 56 .0 47000 116 TR 128 .0 TR 

16m 405.2 188 82 .8 10900 1293 TR 258.6 TR 
24m 744 .1 255 94 .0 12500 1185 TR 86 .2 TR 
32m 305 .7 32 18 .9 21300 2779 27 30 .2 24 

DURING-DRILLING 

SURF 9 .9 173 76 .1 22700 128 TR 173 .1 TR 
in 8m 61.9 69 42 .1 19500 605 26 522 .6 41 
Sed . 16m 15 .8 189 68 .6 16200 366 TR 58 .2 TR 
Plume 24m 1.8 470 642.1 16800 71 761 15 .2 TR 

32m 411 .0 106 27 .0 15300 55 TR 19 .6 TR 

SURF 511.9 172 61 .4 15600 60 TR 51 .2 TR 
opp . 8m 16 .7 266 61 .8 18000 116 TR 40.0 TR 
Sed . 16m 22 .5 46 23 .3 17400 337 TR 45 .0 TR 
Plume 24m 3 .8 62 27 .7 14600 57 TR 35 .2 TR 

32m 0 .7 93 38 .2 18600 212 40 62 .4 136 

POST-DRILLING 

SURF 0 .8 291 64 .1 13000 501 TR 62 .9 267 
8m 1 .2 263 67 .4 15700 444 TR 38 .3 139 

16m 13 .2 2411 TR 17200 139 TR TR TR 
24m 7.3 1287 93 .3 12700 220 TR 46 .7 TR 
32m 7 .0 1011 425 .8 21800 387 247 224 .1 588 

BLK A 0.0 0.0 0 .0 0 0 0 0 0 
BLK B 0.0 0.0 0.0 0 0 0 0 0 

o+ 

N 
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In summary, there does not appear to be any conclusions that can be 

drawn from this data concerning the effect of drilling on trace metal 

content of suspended sediments . This is in part due to contamination 

during sampling and, with respect to zinc, during the analytical procedure . 

The fact noted earlier that samples taken from the drilling plume did not 

show any increase in sample size also leads one to suspect a sampling 

problem that would negate the data . 

Suspended Sediments (Clay Mineralogy ) 

Table 5 lists the percent clay minerals in the suspended sediment 

samples . Three clay minerals were detected in the samples ; montmorillonite 
0 o e 

(17A), illite (l0A) and kaolinite (7A) . Montmorilloaite was present only 

is samples taken during the post-drilling period and in the lower level 

samples taken during the drilling operation . During the pre-drilling period, 

the montmorillonite appeared to be concentrated in the surface and near 

bottom zone, being depleted in the midwater layer . The distribution may 

be explained as resulting from the fresher bay-derived water spreading out 

on the shelf during the fall-winter storm period . The concentration is 

the lower levels was a result of the stirring action, again caused by the 

winter storm conditions . The moatmorillonite in samples from the during-

drilling phase may have been the result of other storm stirring or sinking 

of drilling mud . Based on previous work, early spring waters in the 

region are almost devoid of montmorillonite and thus, the presence of 
a 

montmorillonite during this period suggests that the expandable 17A clay, 

identified as montmorilloaite may be the drill fluid sinking to the sea 

floor . The sampling scheme was not designed for dynamic studies, thus 

the rates of sedimentation could not be estimated . 
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TABLE 5 

CLAY MINERALOGY 

Pre-drilling 

Sample Depth X Montmorillonite X Illite X Kaolinite 

Surface 55 - 44 
S 13 .6 - 86 

16 - - 100 
24 13 .2 - 86 
32 40 - 59 

During Drilling 
(No Plume) 

Surface - 52 47 
8 75 24 

16 23 53 23 
24 9 .2 50 40 
32 9 .1 62 28 

During Drilling 
(Out of Plume) 

Surface - 54 45 
8 - 52 47 
16 4 54 41 
24 1 .6 62 35 
32 11 35 52 

Post-Drilling 

Surface 
8 58 41 

16 50 50 
24 33 66 
32 37 62 

100 
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Benthic Sediments (Trace Metals ) 

The analytical results for trace metals are listed in Table 6 . 

Chromium, copper, manganese, and nickel levels apparently did not change 

in the sediment as a result of drilling activity . Iron and vanadium, 

co-variant elements, appeared to be somewhat lower, but since identical 

sites were not sampled because of the change in drill site, it is diffi-

cult to make any statement on the significance of these changes . Lead, 

however, had a two-fold increase at all stations . These values were 

rerun with the same results,. indicating no analytical error and that the 

increase was real . It is conceivable that this increase may be the 

result of drilling activity, possibly by the direct input via the fuel 

used by the rig and the supply vessels . The data are inconclusive as to 

the direct cause . 

Zinc, barium, and cadmium were the only elements which could be 

directly tied to drilling activity . These elements had a marked increase 

in concentration at the drill site and low levels similar to those taken 

before drilling in the sediment 300 m from the drill site . The variances 

in the data (Table 6) were a result of the three different samples taken 

at the drill site . These replicate samples were not homogenous, as indi-

cated by the different concentrations of three distinctly colored sediments . 

Two samples had a high concentration of red and green clay mixed with the 

normal tan sediment of the area . The third sample (DS-3) had very little 

of this extraneous material . X-ray analysis of these materials indicated 

that the red clay was a mixed-layered expandable clay, probably vermicu-

lite ; the green clay was a pure illite, with the tan sediment being the 

same as the surrounding sediment . The concentration of these clays and 



TABLE 6 

TRACE METALS - BENTHIC SEDIMENTS (PPM) 

Site Ba Cd Cr Cu 

DS 110.8 0.07 23 .8 5 .9 
N-1000 112 .2 0.07 25 .3 6 .5 
E-1000 107 .0 0.06 19 .6 4 .9 
S-1000 95.1 0.08 31 .4 6 .8 
W-TMB 89 .0 0.08 40 .9 5 .4 

TQT 94.8 0.07 29 .1 6 .0 
TQZ 104 .4 0.08 29 .1 5 .9 

Pre-Drilling 

Fe Mn 

20200 312 
20500 320 
18200 279 
22100 275 
19000 292 
21000 293 
21400 252 

Ni Pb V Zn Code 

14 .3 7 .6 17 . 7 64 .7 TAK 
17 .7 7 .1 17 .6 69 .4 TCX 
17 .0 6 .0 17 .3 61 .0 TGB 
16 .5 6 .3 20.3 71 .0 TJB 
13 .6 6 .1 15 .9 66 .1 '1'MB 
15 .6 6 .4 18.2 69 .6 TQT 
14 .6 7 .4 15 .9 69 .5 TQZ 

DS-1 470.7 0 .61 21.5 6 .7 
-2 512 .7' 0 .49 16.9 5 .0 
-3 77 .8 0 .22 23.3 6 .3 

N-1000 50.0 0 .11 19 .5 6.8 
E-1000 46 .5 0 .03 21 .9 5 .9 
S-1000 52 .6 0 .04 20.6 6 .7 
W-1000 59 .2 0 .04 21 .6 6 .8 

Post-Drilling 

16400 279 
14200 260 
18700 308 
19000 313 
17400 280 
18300 291 
19300 319 

12 .3 20.5 
9.0 18 .3 

12 .7 15 :8 
14 .1 12 .1 
14 .7 11 .8 
12 .6 12 .9 
14 .5 14 .5 

9 .2 168 .6 
8 .4 219.6 
11 .9 68 .6 
12 .4 62 .2 
12 .3 58 .1 
13 .7 62 .7 
11 .7 63 .8 

BDSM 
BDSU 
BDEW 
BDHQ 
BD'PR 
BDWB 
Bn1iL 

o. 
1 
r o~ 
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the increase in concentrations of barium, zinc, and cadmium were the 

direct result of drilling activity . The lower values of barium at the 

sample sites 1000 m from the drill site during the post-drilling period 

may be the result of either the seasonal variability (Holmes, In Berry-

hill et at ., BLM Geologic Element Report, 1977) or the samples not 

taken at the same level due to differences in rig location . The seasonal 

data also show such variation in the region near the drill site . 

CONCLUSIONS 

The results of this study indicate that there was some increase in 

the sediment of substances that could be attributed to drilling activity . 

However, this increase was not apparent in the suspended sediment, as 

indicated either by the trace metal levels or the clay mineralogy . The 

post-drill sampling was performed too soon after the removal of the rig 

to detect any geological changes. 
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ABSTRACT 

Saturated and non-saturated high-molecular-weight hydrocarbons 

were measured in benthic sediment samples from five pre- and five 
post-drilling stations . The pre-drill samples indicated no evidence 

of oil pollution . One of the seven post-drilling samples was apparently 

contaminated with petroleum hydrocarbons . This sample was one of three 

samples taken at the drill site . Whether this contamination resulted 

directly from drilling operations, oil from another source, or just 
drill cuttings from ancient shales could not be determined . 
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INTRODUCTION 

Background 

The study, and this report, deal with hydrocarbons in the molecular- 

weight range of C-15 to C-36, saturated, unsaturated and aromatic, isolated 

from sediments taken at a drilling site prior to and after drilling . 

Useful environmental insights most likely result when the overall 

organic geochemistry of systems is considered . This is especially true for 

the sediment oil pollution problem since sediments are made complex by the 

long time interval of exposure . One must keep in mind that all petroleum 

had its origin in sediment much like that observed today . The organic 

geochemistry of sediments is well studied with regard to the occurrence 

and chemical transformations of fatty acids, amino acids, fatty alcohols, 

stable carbon isotopes and kerogen (Eglinton, 1969 ; Yen, 1977) . Table 1 

describes an idealized Gulf of Mexico shelf sediment based on data gathered 

in this laboratory over a 10 year period of time . As shown in Table 1, 

hydrocarbons constitute a minor fraction of the total organic matter in 

surface sediment . In general, a suitable working hypothesis is that 

aromatic hydrocarbons are absent or very low and normal paraffins are 

mostly of odd carbon numbers . Hydrocarbon patterns are complex because 

bacteria and infauna have added their own special hydrocarbon composition 

to sediment over the decades of deposition . Thus, sediment may be viewed 

as the time-integrated organic record . If oil pollution is added to 

sediment, the record will persist for some time, whether for days, weeks 

or months is not known . The sediment hydrocarbon data gathered under 

this program is considered in this framework . 

As stated above, hydrocarbons constitute a small but ubiquitous frac-

tion of the organic matter of sediments . Hydrocarbon geochemistry has 
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TABLE 1 

MATERIAL BALANCE IN AN IDEALIZED GULF OF MEXICO SURFACE SEDIMENT' 

Dry Weight 16 g 
Total Organic Carbon 100 mg 
Non-Lipid Carbon 95 mg 
Total Lipid Carbon S mg 
Total Non-Saponifiables 3 - mg 
Total Fatty Acids 0.4 mg 
Total Sterols 0 .1 mg 
Total Fatty Alcohols 0 .1 mg 
Total Saturated Hydrocarbons 0 .03 mg 

lfrom Parker (1967), Parker (1969), and Sever and Parker (1969) 
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received a good deal of attention but of a somewhat uneven nature . Two 

approaches have been taken : one with the purpose of characterizing petro-

leum with the intent of learning the factors which control 'its distribu-

tion ; and, a second approach based on the model of biological (bio-lipids) 

molecules going into and surviving in sediments for geological time periods . 

Biological molecules (geo-lipids) are of interest to those concerned with 

the record of life (paleo-bio-geochemistry) . A number of excellent studies 

have been made in these two areas and specific situations are well-under-

stood . However, no general picture exists for hydrocarbon geochemistry, 

especially not on the broad geographical scale needed by BLM (Eglinton, 1969) . 

By combining these two approaches, as well as borrowing their tech- 

niques, a conceptual model useful for environmental quality considerations 

can be stated . The essential elements of the model are : (l)-organic matter 

including hydrocarbon is being continuously supplied to recent sediment 

from the biota in the water column . The sedimentary hydrocarbon pattern 

might be expected to mirror the biota hydrocarbons . If so, n-C17 and pristane 

would greatly dominate, but the observed pattern is much more complex 

(Blumer, Guillard and Chase, 1971) . (2) Therefore, other hydrocarbons 

are being generated . It is established that bacteria and infauna synthesize 

new hydrocarbons, thus adding to the complexity of the hydrocarbon pattern . 

Bacteria can add methyl branched and high molecular weight hydrocarbons 

(Davis, 1968 ; Tornabeae and Market', 1971) . (3) Other sources of hydrocarbon 

for nearshore sediments are higher plants, seagrasses and benthic algae . 

These plants add CZp and C36 alkanes and alkenes to sediment (Youngblood 

et at ., 1971 ; Attawaq et al ., 1970 ; Stranslcy et at ., 1967) . (4) Petroleum 

must be recognized as another potential source of sedimentary hydrocarbon . 

While a large data base on the composition of petroleum is lacking, the 
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general picture is known (Whitehead, 1963) . Petroleum usually contains 

a full suite of n-paraffias, iso- and aateiso- paraffins, cycloalkanes, 

isoprenoids, and aromatic hydrocarbons plus heteroatom compounds . The 

problem of recognizing petroleum is recent sediment is to determine whether 

these substances are present and to decide whether biotic sources could 

supply them (Meinscheia, 1961) . (5) In this study, a decision was made 

to establish the general hydrocarbon composition of a small suite of 

samples, five before and five after drilling, and to look for gross hydro-

carbon contamiaatioas making use of the large data base on sedimentary hydro-

carbon obtained is other BLri studies . 

With this background information, several parameters were selected 

which might enable a decision as to the probability that a sample or 

group of sediment samples are petroleum contaminated . These parameters 

are : 

The concentration of total saturated hydrocarbon ; 

The even-odd ratio of n-paraffins ; 

The concentration of non-saturated hydrocarbons ; 

The presence of specific aromatic hydrocarbons ; 

The presence of isoprenoids, pristane sad phytane,and their ratios 

to n-hydrocarbons . 

These parameters for the sedimentary hydrocarbons are discussed, evaluated 

sad compared to similar studies is later nub-sections . 

METHODS AND MATERIALS 

The rig monitoring field sampling plan was designed to provide samples 

from a drill site before, during sad after drilling . Sediment samples for 

high-molecular-weight (HMW) hydrocarbons were taken before sad after drill-

ing . The sampling grid for benthic sampling was based on eight (S) tran- 
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sects originating at the drill site and radiating to the north, south, east, 

west, northeast, northwest, southeast and southwest . Stations were located 

at distances of 0, 100, 500, 1000 and 2000 m from the drill site . The sta-

tion at the drill site was identified as "Station DS" . Other stations were 

identified by transect and distance from DS, i .e ., Station NW-500, etc . (Table 2) . 

The hydrocarbon parameters recorded for these samples included : total 

al1canes and total non-saturates recovered (based on GLC peak areas) ; nor-

mal paraffins detected ; non-saturates identified ; and isopreaoids (pris-

tare and phqtaae) and the odd-even preference index (OEP) . As exhibited 

by the data in this report, essentially all parameters were determined 

for every sample . 

Sample Collection 

Sediment samples were obtained as subsamples of a Smith-McIntyre 

grab . Each subsample, approximately 1 kg, was taken from the top 5 cm of 

the grab . The samples were placed is precleaned glass jars with teflon 

lid liners, taking care not to fill each jar over one-half full . The 

samples were frozen on board ship and kept frozen until analysis . Obvious 

marine animals were seldom encountered in the sediment, but were discarded 

when found . If the sample was a pooled sample, pooling was accomplished 

at sea prior to freezing . In cases where chemical analysis was possible 

within a few days after collection, the samples were maintained at 0°C to 

avoid the risk of the jar breaking due to freezing . 

:atraction Procedures 

The sediment samples were freeze-dried as the first step of laboratory 

analysis . This was accomplished by spreading the sample as a thin paste 

on stainless steel trays . The freeze drier used is the early work was a 
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TABLE 2 

SUMMARY OF RIG-MONITORING 
HIGH-MOLECULAR-WEIGHT HYDROCARBON ANALYSIS PLAN 

Pre-Drilling 

Sample Code Sample Location 

ATAJ DS (Drill Site) 
ATCW IQ-1000 
ATGA E-1000 
ATMA W-000 
ATQU W-1000 
ATRA W-1000 
ATJA S-1000 

Post-Drilling 

BDEV DS 
BDSL DS 
BDST DS 
BDHP N-1000 
BDTQ E-1000 
BDWA S-1000 
BDYK W-1000 
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small unit (Virtis model 10-PR) which was fitted with an oversized vacuum 

pump and a double cold trap so as to accelerate drying . Later, a Virtis 

model 25 SRC was used without modification as factory installed . 

Hydrocarbons were isolated from sediments and purified using the 

method described is Attachment A, Contract AA550-CT6-17 (Appendix F) with 

the reflex option . This procedure is given in the following . The freeze-

dried sediment sample (200-300 g) was placed is a large round-bottomed 

flask (1-0 and covered with approximately 200 ml of a toluene-methanol 

azeotrope (3 :7) using care that the flask was not more than one-half full 

to avoid severe bumping on the steambath . The flask was placed in reflex 

on a steam bath for seven hours . The solvent, while warm, was then decan-

ted through a pre-washed filter (Whatman 541) and set aside for later 

analysis . Fresh solvent any sediment on the filter paper were added to the 

flask and the reflug extraction repeated for 7-10 hours . Finally, the 

sediment was filtered onto a Buchner funnel, washed with warm hexane and 

all extracts combined . The sediment was dried at 45°C and weighed . 

The combined extracts were taken to just dryness on a rotary-evapor- 

ator and taken up in hot KOH-methanol (0 .5 N) for saponification . Sapoai-

fication was carried out according to the procedure described in BLM 

Contract AA550-CT6-17, Attachment A (Appendix F) . No severe problem was 

encountered with the formation of methyl esters, but is cases where GC 

or GC/MS indicated ester formation, the samples were resaponified . Texas 

coastal sediment is not high in organic matter relative to California 

basin sediments for which reason elemental sulfur was not indicated to be 

a problem in this study . The non-saponifiable fraction obtained in the 

hexane extract of the saponifica.tion mixture was taken to dryness and 

weighed, yielding the weight of non-saponif cable lipids . 
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The non-saponifiable lipids were submitted to silica-gel-alumina 

colon chromatography according to the scheme described in BIM Attachment 

A. Several times during the column chromatography of sediments it appeared 

that the saturated hydrocarbons were not completely eluted with the two 

column volumes of hexane . It was necessary to repeat the column chromato-

graphy . This problem deserves special care, because often the hexane used 

was rich in cycloheaane which, being more polar, should cause even faster 

elution . Other workers may wish to use more solvent for this elution . 

The two hydrocarbon fractions isolated from sediments and purified, 

saturated and non-saturated, were finally taken up in a small volume of 

hexane (0 .05 to 0 .5 ml) and used for GLC and GC/MS analysis . 

Instrumentation 

Gas Chromatographic Analyses 

The primary tool for component identification and quantification 

used is this project was the gas chromatograph (GLC) . Identification by 

GLC is accomplished by comparison of the relative retention times of the 

unknown compounds with those of selected known standard compounds . Such 

identification techniques are reasonably valid if the mixtures are not 

complex and expected components are encountered . 

The GLC instruments used in this study were a Perkin-Elmerl Model 

900 and a Varian Model 3700 . Both instruments were equipped with dual 

cola flame ionization detectors and electronic integration of peaks . 

An Iafotronics Model CRS-204 and Columbia Scientific Industries Model 

CSI-38 digital integrators were used to quantify the GLC separate compo-

nents . 

lUse of brand names does not constitute as endorsement but is included 
for descriptive purposes only . 
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Both GLC instruments used 0 .32 cm (1/8 in.) by 183 cm (6 ft .) dual, 

packed columns to effect the separation . The column packing material 

was 60-80 mesh Gas-Chrom Q (acid-washed) with a Sx, by weight, loading 

of FFAP (product of Varian Corp .) as the stationary liquid-phase . Gen-

erally, the operating conditions were as given in Table 3 . These columns 

and conditions were used for virtually all analyses of STOCS samples . 

On occasion, lower initial temperatures and longer initial of final hold 

times were used . 

The high temperature to which these columns were subjected was higher 

than that recommended by the liquid-phase-manufacturer . For this reason, 

the columns had a large amount of column "bleed" at the high temperature 

which shortened the useful life . Approximately 100 samples could be 

analyzed before the resolution was considered too poor to permit further 

analysis . 

Instrument sensitivity and resolution were checked daily by running 

a standard mixture of components . When the resolution fell below that 

recommended in Attachment A (BLM Contract AA550-CT6-17), the GLC columns 

were replaced . The daily standard check was used to establish the sensi-

tivity of the instrumentation to allow quantification of the GLC peak 

data . 

GLC peak data are recorded for each sample in this report . The 

data consist of a listing of peak retention indices and concentrations 

in the sample for each of the two analyzed fractions : hexane eluate and 

benzene eluate from liquid column chromatography . The retention index 

used is normalized to the relative retention times of the n-alkanes . Thus, 

for example, the hydrocarbon n-hexadecaree has a relative retention index 
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TABLE 3 

OPERATING CONDITIONS FOR GLC ANALYSIS 

Carrier Gas Helium 

Carrier flow rate 30 ml/min . 

Flame detector gas flow rates 
Hydrogen 
Air 

Temperature programming 
Initial temperature 
Initial temperature hold time 
Program rate of rise 
Final temperature 
Final temperature hold time 

30 ml/min . 
300 ml/min . 

70°C 
6 min . 
6°C/min . 

270°C 
24 min . 
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equal to 160, n-heptadecane equal to 1700, etc . Hydrocarbons having inter-

mediate retention times between n-alkanes are assigned interpolated reten-

tion indices ; for example, pristane (19 carbon atoms) has a retention index 

of 1670 and phytane (20 carbon atoms) a retention index of 1780 in as much 

as their peaks are eluted prior to elution of n-heptadecane and n-octadecane, 

respectively, on the columns in this study . Retention indices depend upon 

the nature and molecular size of the component being eluted . Thus, on 

FFAP, branched chain hydrocarbons elute earlier than the straight chain 

homologs of the same molecular weight while unsaturation of carbon to 

carbon bonds will cause the component to elute. later than the saturated 

compound having the same number of carbon atoms . 

Gas Chromatography-Mass Spectrometer-Computer Analyses 

Where complex component mixtures are to be analyzed it is necessary 

to augment the chromatographic technique with other organic compound 

identification methods . One of the more powerful methods is mass spec-

trometry . Gas chromatography combined with mass spectzometry(GC/:iS)was 

applied to many of the samples also characterized by gas chromatography 

alone . A computerized data system was used to assist with data acquisi-

tion and data analysis . 

The instrument used was a DuPont Instruments Model 21-491 GC/MS with 

a DuPont Instruments Model 21-0948 MS Data System . The chromatograph 

associated with this instrument was a Varian-Aerograph Model 2700 modi-

fied by DuPont for this service . The effluent from the single chromato-

graphic column was split 9 :1 with the major portion of the sample going 

to the mass spectrometer and the minor portion to a flame ionization 

detector . 
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The chromatographic column and conditions used for GC/MS analysis 

were identified to those used,in standard GLC techniques . 

It was recognized that for this column these conditions were not nec-

essarily the best for general GC/MS work and that column "bleed" above 

220°C was high for GC/MS analyses . However, these parameters were the 

same as those used in the standard GLC analyses of the samples and, thus, 

the interpretation of the data was enhanced by direct comparison of the 

two data sets . 

The mass spectrometer was operated with a source temperature of 200°C, 

electron accelerating potential of 70 volts and an ion accelerating poten-

tial of approximately 1400 volts . The mass range from above m/e = 500 to 

below m/e = 40 was continuously scanned . 

The instrument is capable of unit resolution at m/e 2 1100 but slits 

and focusing parameters were adjusted for maximum sensitivity at m/e ti 600 . 

Sensitivity was estimated at better than 1 .5 ng hydrocarbon at molecular 

weight 282 is the reconstructed chromatogram . Specific ion mass-chromato-

grams effectively allowed even better sensitivity . 

Samples for GC/MS analysis were not selected randomly, but rather were 

selected to provide information about peaks which consistently were found 

prominent in many samples . The retention index-concentration data for all 

analyses were manipulated by a computer program to sort out those chromato-

graphic peaks of "importance" and to flag those samples which could be used 

to characterize the peak by GC/MS analysis . Such lists of "important" 

peaks were prepared for each sample tape (zooplankton, sediment, water) 

in the STOCS study and each fraction type (saturated, nonsaturated) . This 

list is given in Tables 4 and 5 for the rig monitoring sediment samples . 

Included is these tables are the peak identifications as determined (or 
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TABLE 4 

CAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE 
IN HEXANE ELUATES OF SEDIMENT EXTRACTS' 

Retention 
Index Formula Identification by GC/MS 

1444 C14H 28 Tetradecene (probably straight chain) 

1647 C 1032 Hexadecene (probably straight chain) 

1742 C 17H34M Heptadecene (?) (probably straight chain) 

1848 C 18H 36 Octadecene (probably straight chain) 

1955 C18H37 OH Octadecanol 

1972 ? Unknown 

2054 ? Unknown 

2147 
C21H42 Heneicosene (probably straight chain) 

2241 ? Unknown 

3054 C 30H 50 Squalene 

'The frequently occurring n-alkanes and isopreaoids are omitted from this 
table . 
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TABLE 5 

GAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE 
IN BENZENE ELUATES OF SEDIMENT ERTRACTSI 

Retention 
Index Formula Identification by GC/MS 

1883 ? Unknown 

2008 ? Branched? - Unsaturated? 

2041 C14H 29COOCH3 Methyl ester of C15 fatty acid 
2067 

C22H46 Branched (isoprenoid?) 

2107 C16H290H(?) Possible C16 :2 alcohol 

2150 ?- Branched, unsaturated 

2205 C18H 350H(?) Possible C18 :1 alcohol 

2321 C19H 38 Zamenes 

2422 
C19H 350H(2) Possible C19 :2 alcohol 

2618 C18H33COOCH3 Methyl ester of C19 :2 fatty acid 

2643 C3aH52(?) Highly branched (dihydro squalene?) 

2830 C24H3$ or CZ1H390H C24 :6 hydrocarbon or possible C21 :2 alcohol 

2862 C20H 30(?) C20 :6 hydrocarbon (?) 

3010 C23H47 COOCH3 Methyl Ester of C24 fatty acid 

3044 C25H38(?) C25 :7 hydrocarbon (2) 

3222 C20 H37 COOCH3 Methyl ester of C21 :2 fatty acid 

iFatty acid methyl esters are generally artifacts of the eaponificatton 
procedure and many of the more commonly occurring eaters are omitted from 
this list . 
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confirmed) by GC/MS analyses . Not all peaks were identified . Not 

included in these tables are the most commonly encountered and easily 

identified n-alkanes and pristaae . 

Peak identifications were made from analysis of the mass spectrum 

of the component . Interpretive techniques such as those given in 

McLafferty (1973) were used . Various "libraries" of mass spectral data 

were used to assist in interpretation of spectra . Computer searches were 

frequently made of three separate data bases : (1) Atlas of :lass Spectral 

Data (purchased from DuPont Instruments, Inc .)iacluding 7054 mass spectra, 

most of which are from the Atlas published by John Wiley and Sons, Inc . ; 

(2) MSSS (Mass Spectral Search System), a data base maintained by the 

Environmental Protection Agency, National Institutes of Health and National 

Bureau of Standards which contains over 30,000 mass spectra and which is 

made available through the commercial time sharing computer company 

Cybernetics Division of ADP Network Services ; and (3) a library and 

search algorithm maintained by Dr . Conrad Cone, Chemistry Department, 

University of Texas at Austin containing over 6000 mass spectra and 

available through the UT-Taurus interactive computer system . In addition, 

frequent use was made of the four volume Registry by Stenhagen 2t aZ . 

(1974) . 

Intercalibration, Blanks and Controls 

Throughout the course of this study of hydrocarbons from sediment, 

experimental care to prevent contamination was an overriding concern . A 

previously unused suite of laboratories in a nest building was dedicated 

to the study . The technical personnel were experienced is low-level organic 

work and care was taken to insure clean glassware and use of pure chemicals 

and distilled solvents . 

Quality control with respect to blanks was assumed by two approaches . 
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First, blanks on solvents, critical operations and the total analytical 

scheme were run . At no time was a severe blank problem encountered, 

although the presence of cyclohexane in hexane was confirmed and the ran-

dom presence of benzene was suspected . The second approach used to mini-

mite error was to use the same laboratory, including glassware, chemicals, 

solvents and GLC for this and similar analyses of hydrocarbon in sea-

water and zooplankton . Thus, seawater hydrocarbons at the sub-part-per-

billion level served as control experiments for sediment and zooplankton 

hydrocarbons which were at the part-per-million level . The group of 

blank and control experimental gas chromatograms shown in Figures 1 and 

2 include ones for solvent methanol, a freeze drier blank using silica 

gel, a test of a tefloa wash bottle, a hexane blank, a hexane extract 

of fired sand and a hexane extract of freeze-dried, fired sand . 

To provide background data for an assessment of the level of contam- 

ination which might have occurred on shipboard during collection and 

processing, ship's fuel oil, Tube oil and oily bilge water were charac-

terized . The gas chromatographic patterns of hydrocarbon constituents 

of these are given in Figures 3-5 . Since these are petroleum products, 

they are rich in hydrocarbons . However, no such GLC patterns routinely 

appeared in the sample analyses so that systematic contamination by the 

-'-tp was judged to be absent . 

A series of control experiments were conducted on sediments to 

test the recovery of added (spike) hydrocarbons . Fifty-one (51) wet 

sediment samples were spiked with approximately 30 ug of n-C24, the nor-

mal paraffin with 24 carbon atoms . Recoveries ranged from 2 to 173% 

based on GLC analyses of the sediment using the methods descried . The 

average recovery was 34% . Fifty (50) percent of the samples had yields 
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Figure 1 . Gas Chromatograms of Procedural "Blanks" and "Tests" . 
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Figure 2, Gas Chromatograms of Procedural "Blanks" and "Tests" . 
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between 30 and 90%. These data at face value indicate that recoveries were 

incomplete with, on the average, about one-third of n-C24 being recovered . 

That was probably the case for the spiked n-C24 . However, the recovery 

of the spike should not be viewed as the extraction efficiency of hydro-

carbons native to the sample . Spike recoveries are generally low in this 

type experiment, as judged by previous experience on fatty acids . The 

reason relates to the fact that the spike cannot be added so as to be 

naturally present in the sediment matrix . The data for hydrocarbons in 

sediments is this report are estimated to represent 50 percent of the sedi-

meat hydrocarbons . If more severe extraction techaiques,such as HF decomp-

osition were used, this probably could be raised but would also degrade 

the hydrocarbons so that some structural information would be lost . 

Several formal sad informal inter-laboratory comparisons were made 

during the course of this project . Useful information was gleaned from 

each one, however, they all suffered from the unfortunate fact that no 

certified standard materia]s for petroleum hydrocarbons were available . 

Such materials are available for trace metals sad for low levels of radio-

nuclides . Thus, the inter-laboratory experiments were comparisons which 

served to improve our techniques, not to test them. 

Three inter-laboratory comparison studies were undertaken : 

-hydrocarbon is Alaskan sediment-National Bureau of Standards ; 

-hydrocarbon is spiked California sediment-BIM via Dr . I . Baplaa, UCLA; 

-hydrocarbon in Texas Oysters-Exchanged with Dr . C . S . Giam, TAMO 
sad Dr . J . Farriagton, WSOI . 

The results of these studies were reported is an earlier report to BILM. 

Zs: summary, a substantial effort was made to produce high quality 

hydrocarbon analyses through blanks, controls, inter-laboratory compari-

sons and especially experience . One of us (PLP) is on the B1.X Rydrocar- 
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bon Methodology Review Group which serves as a useful forum to help resolve 

some of the technique problems which have arisen and to accelerate commu-

nication among chemists dealing with BLM samples . 

RESULTS AND DISCUSSION 

Saturated and non-saturated hydrocarbon patterns were measured for 

samples from five pre- and five post-drilling stations . The gas chromato-

graphic data are given. in Tables 1.1 through 1.14, Appendix B . Two of the 

samples were submitted to gas chromatography/mass spectrometry (GC/MS) and 

these results are given in Figures 6 through 21, 22 through 26, and 

27 through 30 . Results which have been derived from these data, includ-

ing the odd-even preference index and the ratio of several individual HC 

to each other are given in Tables 6 and 7 . 

One of the seven post-drilling samples was apparently contaminated 

with petroleum hydrocarbons . This sample (BDST) was one of three samples 

taken at the drill site (DS), and was the only one to show significant 

presence of oil . At this time, rather than deal with the statistical signi-

ficance of one of seven samples being contaminated, we wish to stress the 

qualitative evidence allowing one to judge that oil is present . Such 

evidence is summarized below. 

The GLC of Sample BDST and a pre-drilling sample (ATAJ) are shown in 

Figure 31. Analysis of Sample BDST showed a well-defined hump with a present 

average OEP (1 .04) that is characteristic of oil, while pre-drilling 

samples had values in the range of 2 .47 - 5 .56 . In fact the OEP evi-

dence taken alone suggests that all of the post-drilling samples (1 .04 -

2.68) are suspect of some oil pollution . The various pristane and phytane 

ratios in Tables 6 and 7 suggest that the post-drilling samples were on 

the average richer in phytane, but no clear trend was obvious . 
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Figure 9 . Mass Chromatogram at m/e = 156 for Sample BDST, Benzene Eluate . 
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Figure 11 . Mass Chromatogram at m/e = 170 for Sample BDST, Benzene Eluate . 
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Figure 12 . Mass Spectrum of Scan X90 for Sample BDST, Benzene Eluate . 
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Figure 13 . Mass Chromatogram at m/e = 192 for Sample BDST, Benzene Eluate . 
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Figure 14 . Mass Spectrum of Scan 41122 for Sample BDST . 
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Figure 15 . Mass Spectrum of Scan 41178 for Sample BDST . 
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Figure 16 . Distribution of Dimethyl Isomers of Mass 206 in Sample BDST, Benzene Eluate . 
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Figure 17 . Mass Spectrum of Scan 41193 for Sample BDST . 
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Figure 18 . Trimethyl Isomer Mass Chromatogram for Sample BDST, Benzene Eluate . 
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Figure 19 . Mass Spectrum of Scan 212 for Sample BDST . 
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Figure 20 . Mass Chromatogram at m/e = 212 for Sample BDST, Benzene Eluate . 
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Figure 21 Mass Spectrum of Scan 4177 for Sample BDST, Benzene Eluate . 
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Figure 22 . Total Ion Gas Chromatogram for Sample BDST, Hexane Eluate . 
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Figure 23 . Significant Peak index for sample BDST, Hexane Eluate . 
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Figure 24 . Mass Chromatogram at m/e = 85 for Sample BDST, Hexane Fraction . 
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Figure 25 . Mass Spectrum of Scan 168 for Sample BDST . 
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Figure 26 . Mass Spectrum of Scan #102 for Sample BDST . 
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Figure 27 . Total Ion Gas Chromatogram of Sample ATAJ, Benzene Eluate . 

i r 
V 



DRAW M5 
GC ID BL 68 DATE 3/BS/T? 
AORHTE 2 SCTYhE 4 RE3PWR 500 
NYMASS 500 THRESH 8 

HTAJ-SED-B2 BL05B 3-25-?? 

IGNORE 0, 0, 0, 0 
"iSCALE 100 *AMIJ'S 250 HROCPY NO 
SUBTR 0 BASEPK 0 SCAM # Ill 
BKGRND 113 
BASE 195 *2** 0 X TOTAL YONI2. 6 

V 
I 
r 
ao 

Figure 28 . Mass Spectrum of Scan #111 for Sample ATAJ . 
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Post-Drilling Sample BDST 

I 
Pre-Drilling Sample ATAJ 

i 

Figure 31 . GLC Analyses of the Saturate Fractions of a Post-Drilling 
Sample (BDST) and a Pre-Drilling Sample (ATAJ) . 
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TABLE 6 

SEDIMENT RATIOS OF INDIVIDUAL HYDROCARBONS 
AND AVERAGE OEP VALUES IN PRE-DRILLING SAMPLES 

CODE LOCaT . PR / Fr+ 
------ 

PR/C " 17 
------- 

PN/C " 19 
------- 

OEP 

eTAJ 1 / RIG 1 .47 .37 .13 2 .u7 
4TCr 30 / RIG 3 .<fA .32 .v!7 3 .1b 
dTGA 32 / RIG u,62 .91 .u2 3 .87 
aTJa 34 / SIG 2,p7 ,u2 ,lu 4 .11 
AT 'A a 36 / RIG P,17 .57 ,08 41 ,46 
AT'4U 36 / RIG 1 .5v! ,J4 .16 4,h2 
aria 36 / RIG 2 .h5 .22 .to. 5 .56 

Explanation of Columns : 

Co lvma 1 Code - Unique Sample Code 
Column 2 Locat . = Location from Drill Site (DS) ; 1-DS ; 30=N-1000 m; 

32=E-1000 m ; 345-1000 m; 36=W-1000 m . 
Column 3 PR/PH ~ Pristaae/Phytane Ratio 
Column 4 PR/C-17 - Pristane/C17 Ratio 
Column 5 PR/C-18 - Phqtane/C18 Ratio 
Columm 6 OEP - Odd-Even Preference Iadice Value 
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TABLE 7 

SEDIMENT RATIOS OF INDIVIDUAL HYDROCARBONS 
AND AVERAGE OEP VALUES IN POST-DRILLING SAMPLES 

C0OE LOCAT, PR / PH PR/C "17 PN/f, " 1R OEH 

af)Ev 1 / SIG t .3a .5A .3q 2 .t+t~ 
80SL 1 / RIG 1 .84 ,72 ,411 2,N4 
90S1 1 / R. IG 1 .814 .h2 .~~ 1,du 
3nHP 30 / R IG 2 .19 ,415 ,41 2 .42 
enTO 32 ~ RIG 2 .67 .67 .38 21 .61 
40w, 34 / RIG 6 .15 1 .7-A .27 l .q4 
90YK 36 / RIG 4 .26 ,87 ,21 2 .AIA 

Explanation of Columns : 

Column 1 Code ' Unique Sample Code 
Colimm 2 Locat . i Location from Drill Site (DS) ; 1-DS ; 30-N-1000 m; 

32=E-1000 m ; 34=5-1000 ; 36iW-1000 m. 

Column 3 PB/PH ~ Pristane/Phqtane Ratio 
Column 4 PR/C-17 = Pristane/C17 Ratio 
Column 5 Ph/C-18 - Phytane/C18 Ratio 
Column 6 OEP = Odd-Even Preference Iadice Value 
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A complete GC/MS analysis was carried out for two samples, one 

pre-drilling and the post-drilling sample which showed oil pollution by 

GC . The results are given below . 

GC/MS of Post-Drilling Sample BDST 

Figure 6 is a total ion chromatogram of the sample BDST . Major 

peaks are not prominent above the very large unresolved envelope of peaks . 

Mass fragment ions of significance are given in Figure 7 . 

Figure 8 shows a mass chromatogram for fragment ion m/e = 149 . This 

ion fragment is characteristic of phtl 

sizers and are frequently encountered 

laboratory contaminant . Comparison of 

that the "large" peak at scan #154 is 

chromatogram . 

A mass chromatogram at m/e - 156 

aalate esters commonly used as plasti-

in organic samples, probably as a 

Figure 8 with Figure 6 shows 

insignificant in the total ion 

is shown in Figure 9 . This mass is 

the molecular weight of dimethylnaphthalenes and a check of the mass spec-

tram (Figure 10) shows that the largest peak of the groups at Scan 76 is 

typical of dimethylaaphthalene . The next higher homolog, trimethylnaphtha-

leae has a molecular weight of 170 . At m/e - 170, mass chromatogram is 

shown in Figure 11 with the mass spectrum of the peak at Scan #90 shown in 

Figure ].2 . The largest peak of Figure 11 is, indeed, a trimethqlnaphthalene . 

The mass chromatogram at m/e - 192 is Figure 13 is characteristic 

of methylpheaaathene and methylanthracene . Practically identical mass 

spectra obtained for the two prominent peaks of Figure 13 are shown in 

Figure 1.4 and 15 . Neither the chromatographic retention times nor 

the mass spectra permit distinguishing between the phenanthrene and aathra-

cane isomers . The distribution of dimethyl isomers of mass 206 is shown 

is Figure 16 with a characteristic mass spectrum shown in Figure 17 . 
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The possible trimethyl isomer mass chromatogram with corresponding mass 

spectrum are given in Figure 18 and 19, respectively . 

The mass chromatogram of Figure 20 of mass fragment m/e = 212 is 

characteristic of dimethyldibenzothiophene or the dimethylnaphthothiophene 

isomer . The mass spectrum of Figure 21 is very much like those shown 

in the literature . 

Figure 22 is the total ion chromatogram of the hexane fraction of 

the contaminated "post-rig" sample, BDST . The chromatogram appears to be 

a large envelope of unresolved peaks with a few more prominent peaks, 

especially in the lower molecular size (C14 - C22) range . An index of 

some "significant" fragment ions is given in Figure 23 . 

Saturated alkanes are emphasized in the m/e = 85 mass chromatogram 

given in Figure ?4 . These are typical normal and isoprenoid hydrocarbons 

encountered in petroleum-like organic matter . The mass spectra of Figure 

25 and 26 are the Clg isoprenoid (pristane) and normal hydrocarbons 

located at scans X68 and 102, respectively . The C20 isoprenoid hydrocarbon 

(phytane) at scan #84 is rather large relative to the pristane concentra-

tion, suggesting petroleum as the source of organic contaminant in this 

sample . 

GC/MS of Pre-Drill Sample ATAJ 

As a comparison with the above, apparently contaminated, sample, 

the pre-drilling sample ATAJ was also analyzed by GC/MS . Sample ATAJ is 

from the same location as sample BDST but shows little, if any contamina-

tion with petroleum-like organic matter . 

Figure 27 is the total ion chromatogram of the benzene eluate (non- 

saturate) fraction of pre-rig sample ATAJ . The largest peak is the plasti- 

cizer, dioctylphthalate, a suspected laboratory contaminant . The other 
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prominent peak at scan X134 is squalene, a compound frequently encountered 

in sediments . A trace quantity of nethylphenanthrene may exist at scan X111 

(no apparent peak in the gas chromatogram) . The mass spectrum at this 

scan number is shown in Figure 28 . The spectrum is mostly "noise" peaks 

but the possible molecular ion of m/e - 192 is seen to predominate . This 

sample is apparently uncontaminated with any large quantities of petroleum-

like organic matter . 

Figure 29 is the total ion chromatogram of the hexane eluate fraction 

of this same sample . Prominent peaks corresponding to n-alkanes are 

present . The saturated alkanes are emphasized in the m/e - 85 mass chroma-

togram shown in Figure 30 . The predominance of alkanes having odd numbers 

of carbon atoms in their molecules in scans 4115, 136, 156 etc ., is evident . 

This is typical of uncontaminated, pristine sediment samples of the Gulf 

of Mexico . 

Distributions of the n-alkanes are given graphically in the left-hand 

portion of Figures 1 .1 through 1 .14, Appendix B . In every case but one, 

the predominance of n-alkanes having odd numbers of carbon atoms in the 

molecule is evident . This characteristic is typical of pristine samples 

of Recent sediments . The curve corresponding to the ratio of odd to even 

chain lengths as a function of carbon number is given is the right-hand 

portion of these figures for each sample . 

For the one case of sample BDST (Figure 1 .11) the predominance of 

cdd carbon numbered alkaaes is diminished and the OEP curve lies close 

to a value of unity . This indicates a presence of petroleum-like hydrocar-

bons in this one sample . 

In summary, this rig monitoring study has shown that the approach taken 

is capable of detecting petroleum contamination of sediment . A program to 

accomplish this on a routine basis would include the following elements : 
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-A summary statistical analysis of all the BLM sedimentary hydrocar- 

bon data . 

-A summary of a few in-depth analyses of control sediment samples . 

-A modest study (75-100 samples) of several drilling and producing 

sites using the parameters in this report . 

-An in-depth study of those sites for which the above survey indica- 

ted pollution . This would require holding a large sample in the frozen 

state until the quick survey analysis could be completed . 

Finally, it should be pointed out that oil itself, or just drill 

cuttings from ancient shales, could cause the type contamination which 

has been discussed . 
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ABSTRACT 

Comparisons of textural variability between composite pre-drilling 
and post-drilling sample suites were made . The results suggest that 
statistically significant differences occur between the two suites for 
the following textural parameters : skewness, silt percentage, clay 
percentage, silt/clay ratio, and mean diameter . The post-drilling suite 
was significantly coarser-grained, had a higher silt/clay ratio, and was 
less coarsely skewed than the pre-drilling suite . No meaningful infer-
ences can be formulated regarding causative factors as the observed 
sea-floor textural changes could potentially have resulted from a combi-
nation of modified sampling procedures, analytical variability, natural 
seasonal variability, and drilling-rig operations . 
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INTRODUCTION 

This report presents the results of the benthic sediment textural 

analyses conducted as part of the South Texas OCS Rig Monitoring Study . 

The objectives of this study were (1) to provide supportive sediment 

textural data to aid in interpretation of the results of benthic geo-

chemical analyses, and (2) to determine the spatial and temporal varia-

bility of sea floor sediment textures within the immediate local euviron-

meat of an exploratory drilling rig . This was accomplished by comparing 

the textures of pre-drilling and post-drilling sediment sample suites . 

METHODS AND MATERIALS 

All field sampling for the pre-drilling and post-drilling suites was 

done by personnel of the University of Texas Marine Science Institute, 

Port Aransas Marine Laboratory . The two sample suites were delivered to 

the USGS, Corpus Christi, office for textural analyses . A total of 38 

samples were received and analyzed ; this consisted of 24 pre-drilling and 

14 post-drilling samples . The sediment grain-size distributions were 

determined at a 0 .5 0 interval, using a Rapid Sediment Analyzer for the 

sand fraction (2 mm - 63 um), sad a Coulter Counter (Model TA) for the 

mud fractions (63-0 .6 um) . Specific analytical techniques were the same 

as those used by the USGS for textural analyses in the FY'75 STOCS baseline 

study ; these techniques are outlined is detail by Berryhill et at. (1976) . 

Following grain-size analyses, textural parameters were determined by 

computer . Derived parameters included sand percent, silt percent, clay 

percent, sand/mud ratio, silt/clay ratio, and the four moment measures 

(mean diameter, standard deviation, skevaess, kurtosis) . 
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The mean values of each size parameter for the pre-drilling and post-

drilling sample suites were then statistically compared to determine any 

significant textural differences between the two suites . Comparisons 

were made with an analysis of variance (c1NOVA) program, using an F-stati-

stic (e .g .,Barr et at ., 1976) . In view of the relatively small size of 

the two sample suites, the ANOVA results were verified by a aonparametric 

Wilcosnn two-sample test using a U-test statistic (Sokal and Rohlf, 1969) . 

Statistical comparisons of textural variations among stations within either 

of the two suites generally were not feasible because of insufficient 

replicate sampling at individual stations . Most stations were represented 

by only two replicate samples for textural analyses which was judged 

to be inadequate for a reliable evaluation of "within station" variability . 

Consequently, intra-suite station comparisons were made largely on the 

basis of the observed textural variations, without any reference to their 

statistical significance . 

RESULTS AND DISCUSSION 

The results of the textural analyses are tabulated in Table 1, Appen-

dix C . 

Inter-Suite Variability 

Comparisons of textural variability between the composite pre-drilling 

and post-drilling sample suites are summarized by the ANOVA results pre-

sented in Table 1 . These results suggest that statistically significant 

differences (95z confidence level) occurred between the two suites 

for the following textural parameters : skewness, silt percentage, clay 

percentage, silt/clay ratio, sad mean diameter . The poet-drilling suite 
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TABLE 1 

ANALYSIS OF VARIANCE FOR PRE-DRILLING 
AND POST-DRILLING SUITE CO14PARISONS 

Hypothesis : Ho : U1 ~ II2 
Statistic : F 
Risk of Type 1 Error :,4 - SZ 
Critical Region : F > Fgz (1,36 d .f.) ; FSx = 4.12 

Parameter F-value 

Sand z (al ' 4 .67, a2 ' 6 .08)+ . . . . . . . . . . . . . . 1.58 

Silt Z (zl - 45 .47, i2 ' 55 .09 . . . . . . . . . . . . . . I4 .97* 

Clay Z (xl ' 49.82, a2 = 38 .82) . . . . . . . . . . . . . . 22 .93* 

Sand/Mud ratio (xl ' 0 .049, x2 ' 0 .068) . . . , . . . . . , 1 .87 

Silt/Clay ratio (al= 0 .931, x2 = 1 .556) . . . . . . . . . . 17 .98* 

Mean Diameter (al = 7 .72, u2 = 7 .13) . . . . . . . . . . . . 24 .25* 

Standard Deviation (zl ' 2 .04, z2 = 2 .15) . . . . . . . . . 3 .80 

Skewness (zl ' -0 .157, 22 ' -0 .008 . . . . . . . . . . . . . 7 .41* 

Kurtosis (al " -0.947, 12 ' -0.822 . . . . . . . . . . . . . 0.70 

+ il ' pre-drilling mesa, i2 ' post-drilling mean 

* s significant difference 



8-6 

was significantly coarser-grained, had a higher silt/clay ratio, and was 

less coarsely skewed than the pre-drilling suite . All other parameters 

indicated no significant differences at the specified confidence level . 

These ANOVA results were reproduced and substantiated by the aonparametric 

Wilcoxon test . 

Although the foregoing comparisons suggest some textural differences 

between the pre-drilling and post-drilling suites, no valid conclusions 

can be presently formulated regarding the causes of the textural differ-

ences . This inconclusiveness is attributed to the following factors : 

1) The pattern and number of post-drilling sample sites were substan- 

tially modified from the pre-drilling suite without being coordinated 

through the USGS Corpus Christi office . The stations 500 m from the dril-

ling site sampled is the pre"-drilling suite were totally deleted from the 

post-drilling sample suite . In addition, the number of replicate samples 

at the drilling sire (DS) was different for both suites . This change in 

sampling format casts some doubt on the significance of the ANOVA results . 

2) The seasonal monitoring o= STOCS benthic-sediment textures during 

the FY'76 program illustrated substantial natural variability along Tran-

sect II (Berrytzill at al ., in prep .), which is is close proximity to the 

rig monitoring site . As the pre-drilling (9/25/76) sad post-drilling 

(3/1/77) sampling dates encompassed a period exceeding five months, much 

of the observed textural variability might be attributed to natural varia-

tions in the hydraulic regime . The variability observed at the rig site is 

compatible with the natural textural treads observed on a seasonal basis 

along Transact II . Since no control samples were obtained near the rig site 
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to evaluate natural variability over the same monitoring period, natural 

effects cannot be differentiated from any possible rig-induced effects . 

3) The post-drilling sample site (27°44'21 .12"N, 96°42'58 .86"W) had 

been relocated approximately 25 m away from the pre-drilling sample site 

(27°44'21 .12"N, 96°42'58 .86"W) . In itself, this relocation could have 

resulted in some textural variability . 

Intra-Suite Variability 

The textural variability between individual stations within each 

sample suite could not be effectively evaluated statistically because of 

inadequate sample replication . However, some comparisons can be made on 

the basis of the observed mean parameter values at each station . Since 

mean diameter and silt/clay ratios are the most significant parameters 

that varied between suites, the mean values of these two parameters at 

each station were compared (Table 2) . 

Within the pre-drilling suite, the benthic sediments were coarsest- 

grained (mean diameter = 7 .45 0) at Station E-1000, and finest-grained 

(8 .05 0) at Station N-1000 . These two stations, respectively, also had 

the highest (1 .21) and lowest (0 .70) silt/clay ratios . The only pair of 

stations that had sufficient sample replication for a statistical inter-

station comparison were Stations E-500 and S-500 . A nonparametric Wilcoxon 

test conducted on the mean diameters and silt/clay ratios of this sample 

pair indicated no significant differences ; this suggests an absence of 

significant local variations over the 700-m distance separating the two 

stations during the sampling period . 

Within the post-drilling sample suite, the sediments were coarsest-

grained (mean diameter = 6 .45 0) at Station E-1000, and finest-grained 

(7 .65-0) at Station S-1000 . These two stations, respectively, also had 
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TABLE 2 

MEAN VALUES OF SILT/CLAY RATIOS 
AND MEAN DIAMETERS AT INDIVIDUAL STATIONS 

Station Silt/Clay Ratio Mean Diameter 
W W 

Suite 

Pre-Drilling DS 1 .01 7 .67 
N-1000 0 .70 8 .05 
E-500 0 .91 7 .65 
E-1000 1 .21 7 .45 
5-500 0 .91 7 .76 
S'-1000 1 .05 7 .73 
W-1000 0 .85 7 .83 

Post-Drilling DS 1 .55 6 .98 
N-1000 1 .29 7 .57 
E-1000 2 .46 6 .45 
S-1000 0 .93 7 .65 
W-1000 1 .58 7 .27 
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the highest (2 .46) and lowest (0 .93) silt/clay ratios . The drilling site 

station (DS) exhibited intermediate values for both parameters . Although 

the relatively coarsest-grained and most silty station (E-1000) was the 

same during both the pre-drilling and post-drilling sampling periods, the 

finest-grained station shifted southward in the post-drilling period . 

CONCLUSIONS 

The textural analyses of pre-drilling and post-drilling sample suites 

delivered to the USGS Corpus Christi office were successfully completed, 

and the resulting textural data are herein presented . Although the sampling 

format was not particularly conducive to a statistical evaluation of 

textural parameters, an analysis of variance performed on the generated data 

suggested some significant textural differences between the two sample 

suites . However, no meaningful inferences presently can be formulated 

carding causative factors . The observed sea-floor textural changes could 

potentially result from a combination of modified sampling procedures, 

analytical variability, natural seasonal variability, and drilling rig 

operations . However, effects from each potential source of variation cannot 

presently be differentiated . 
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ABSTRACT 

Two cores and one grab sample at the drill site station contained 
obvious foreign material deposited in connection with drilling operations . 
Other sediment textural changes had low statistical significance but sug-
gested that some coarse (sandy) material was added to stations generally 
west and south of the drill site while clays were transported from the 
drill site to stations northward and eastward . These transport directions 
were the same as the two modes of current flow measured directly with 
recording current meters . 
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INTRODUCTION 

This report compares pre-drilling and post-drilling sediments in 

terms of grain size distributions of grab samples and macroscopic struc-

tures and textures of cores . Objectives of the study were (1) to deter-

mine the distribution of any drill muds and cuttings which may have been 

deposited around the drill site, and (2) to provide supportive sediment 

textural data to aid in interpretation of results of benthic biological 

analyses . 

METHODS 

Subsamples of grab samples were analysed for grain site distribu-

tion by the following procedure : the sample was homogenized by kneading 

in the plastic sample bag . Twenty (20) cc were extracted, dispersed is 

hydrogen peroxide, diluted to about 0 .5 R and allowed to stand for 2 to 3 

days . The clearer supernate was decanted through a 1 .2 um MII.I.IPORE fil-

ter and the filtered sediment was returned to the beaker. The sediment 

was resuspeaded and poured through a 0.062 mm screen. The screen (prr 

weighed) sad trapped sand were dried, weighed, and set aside for later 

settling tube analysis . 

The mud fraction was transferred to s graduated cylinder sad the 

sample was diluted to 1 it, stirred, and allowed to stand overnight . If 

no flocculation occurred (none ever did), the temperature was measured, 

nettling rates were calculated by Stoke's Law, and withdrawal tiles sad 

depths were calculated to obtain nine intervals from 4 to 10 phi. Twenty 

(20) al samples were pipetted at the appropriate times, transferred to 

preveighed beakers, oven dried, weighed, sad size fraction weights cal-

culated . The last pipette measurement defines the quantity of material 

finer than 10 phi . Extrapolation of the cumulative curve beyond 10 phi 

very ca=nonly indicates that all of the sediment is coarser than 14 phi . 
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Therefore, a common computational procedure is to extrapolate cumulative 

curves to 100 at 14 phi . Grain size distribution parameters were calcu-

lated using this convention . 

A representative portion of the sand fraction was introduced into a 

settling tube and fall times were recorded continuously . Graphs were read 

for the proportion of sand at each 0 .25 phi interval . 

These data were used to compute moment and graphic grain size para-

meters by standard methods . 

Seven samples were analyzed from the drill site and from each of eight 

stations 500 and 1000 m north, east, south and west of the drill site (DS) . 

Six samples were analyzed from each of eight stations 100 and 2000 m north, 

east, south, and west of the drill site and from each of four stations 1000 m 

northeast, southeast, southwest, and northwest of the drill site . Total 

sampling effort was 7 grabs x 9 stations x 2 sampling periods + 6 grabs a 

12 stations x 2 sampling periods - 270 samples . 

Piston cores were taken in 3-inch PVC barrels without core catcher 

so as not to disturb core tops . Cores were kept in the barrels in which 

they were taken and were kept in a vertical position until extruded and 

examined in the laboratory. Immediately after extrusion, they were Blabbed, 

trimmed with an electric knife, photographed (black and white) and logged 

at 1/10 scale . Cores were taken at five stations preceding drilling (DS 

and 1000 m to the north, south, east, and west) . Three replicates were 

taken at each site. After drilling, one core was taken at each of 10 sta-

tions : 1000 m north, northeast, southeast, south, southwest end northwest 

of the drill site and 100 m and 500 m north and south of the drill site . 

Two cores were taken at each of two stations : 100 m west of and at the drill 

site . Three cores were taken at each of five stations : 100 and 500 m west 

of the drill site and 100, 500, and 1000 m east of the drill site . The 

total sampling effort was 15 pre-drilling + 29 post-drilling - 44 cores . 
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RESULTS 

Cores 

The pre-drilling cores were uniformly, evenly textured muds in the 

upper 10 cm . Between 10 and 35 cm, a majority (10/15) had a sandy zone 

which was sometimes well-bedded, but which was sometimes only vaguely 

apparent as indistinct mottles or wispy swirls, and was sometimes totally 

absent . The upper 50 cm contained coon open burrows with 1 to 4-mm 

circular openings surrounded by about twice that thickness of wall which 

was considerably firmer than the surrouding mud, probably due to compac-

tion and/or mucus cementation . More rarely, these burrows appeard in 

other parts of the cores from the surface down to over 1-m depth . 

The most consistently present feature was indistinct mottles of 

clayey muds discernable only by a slightly softer texture and subtle color 

differences from the: surrounding mud . The mottles were usually a slightly 

lighter grey than their matrix . These undoubtedly biogenic structures were 

most prevalent between 40 and 100-cm depths . They were often concentrated 

either above, below, or occasionally between two sandy zones which were even 

more discontinuous than the upper sand unit . One generally occurred between 

50 and 60-cm depth and the other from 75 to 95-cm depth with the lower 

of the two about twice as common as the upper . 

Two of the 15 pre-drilling cores showed vertical lamination : one from 

E-1000 at depths of 118 cm to the core base at 142 cm, and one from the 

drill site from depths of 35 cm to the core base at 135 cm . This structure 

results from sediment being sucked from the core barrel when the piston 

is pulled up the barrel at the beginning of retrieval of the corer . This 

may occur when there is incomplete penetration by the corer, when the slack 

loop in the wire rope is measured too long, or when the corer falls over 

rather than falling vertically into the bottom (these phenomena, especially 
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the latter, commonly result from too rapid lowering of the corer by the 

winch operator) . Unfortunately this occurred on all but two of the 29 

post-drilling cores . 

Although results were poor for this part of the study, sufficient 

evidence exists for some reasonable conclusions . The two cores from the 

drill site showed foreign material at the tops of the cores . The foreign 

material consisted of orange and green pebbles, the texture of which was 

clay or sandy clay . In one core this layer was only one pebble thick 

(2 to 3 mm) and not continuous . In the other DS core, the layer was 

23 to 28 mm thick . The pebbles were much more cohesive than the mud at 

the tops of the pre-drilling cores, but they were not indurated and could 

be completely disaggregated by rubbing them between finger and thumb under 

water . No other cores had surficial material that appeared different from 

the pre-drilling muds and sands, 

All but two other post-drilling cores showed signs of compression . 

Contrasting shades of grey that distinguished the soft mottles in the 

pre-drilling cores occurred mostly as only irregular lenses or laminae 

in the post-drilling cores . The smaller, open, walled burrows occurred 

but much more rarely in post-drilling cores . The two post-drilling cores 

which appeared totally undisturbed were from Station W-100 . Both contained 

abundant soft, indistinct mottles ; and each one contained a sandy none at 

the depth of one or the other of the two lower sands common in the pre-

drilling cores . Neither of these cores showed foreign material at the 

surface . 

Grab Samples 

Textural data for subsamples of grab samples are presented in Appendix 

D . Table 1, Appendix D, contains data for all pre-drilling samples, Table 

2, Appendix D, for all post-drilling samples, and Tables 3 and 4, Appendix D, 
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contain station summaries for the pre- and post-drilling data, respectively . 

All parameters were calculated by the moment method and by using the 

extrapolation to 100% at 14 phi convention . 

Based on pre-drilling data, the sediment in the rig monitoring study 

area was slightly sandy (8%), clayey (427), and silty (49%) . Somewhat 

more than one-fourth of the sediment (27 .5%) was clay finer than 10 .6 phi 

constituting about two-thirds (65x) of all clay . 

T tests showed that only a few stations with maximum differences for 

any particular textural parameter were significantly different from each 

other at above 95% confidence ; the number of such station pairs was only 

about 5% of all possible station comparisons . Thus, there was really no 

strong statistical evidence that the area did not have uniform sediment 

texture . 

Lack of significant differences between stations derived largely from 

the large standard deviation of each parameter for the six or seven repli-

cate grab samples at each station . The standard deviation of parameters 

within stations were commonly from 1 1/2 to 2 times as large as the stan-

dard deviations of means of parameters between stations . 

However, some consistent trends, although not of high statistical 

significance, were noted . Both the total clay and the fine clay fractions 

increased from low values in the northern and northeastern quadrants to 

high values in the southernmost and westernmost stations . Conversely, 

sand content was highest toward the north-northeast and lowest from the 

central to the southern parts of the study area . 

One grab sample contained coarse material clearly very different from 

all pre-drilling sediment samples. DS-3 (BDFI) contained material similar 

to that at the tops of the DS cores . In addition to the green and orange 

sandy clay particles, this sample also had a much coarser sand and abundant 
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shell fragments . The coarse fraction-mean was 1 .68 phi (medium grained) 

compared to as average 3 .75 phi (s .d . - 0 .22)(verq fine grained) for all 

other samples from all stations . It was also much more poorly carted 

than other coarse fractions [sample standard deviation = 1 .26 phi cf . 0 .47 

phi (s .d . = 0 .08) for all other stations] . 

Beyond this difference, only very subtle changes are suggested between 

pre- and post-drilling samples . Again, large standard deviations make the 

statistical differences between stations generally insignificant, e .g., 

even for DS where obviously foreign material made up most of one sample's 

coarse fraction, T for the difference between pre- and post-drilling means 

was not significant at the 80% confidence level . 

However, mere or less consistent trends suggest that some real changes 

occurred between pre- and post-drilling sampling . For example, all stations 

within 100 m of the drill site, and all stations but one from northwest 

of and to the south of the drill site (going counter-clockwise) became 

coarser, while all other stations to the north, northeast and east became 

finer . This change was reflected in relatively large increases in sand 

content 100 m north, west and south of the drill site, as well as at the 

drill site and 1000 m northwest of it, and moderate increases in sand 

content southwest of a line running from northwest to southeast through 

the drill site, . while small decreases is sand content prevailed northeast 

of this dine . Conversely, both total clay and fine clay increased gen-

erally from north to southeast (going clockwise) of the drill site and 

decreased at the drill site and at most stations within 100 m and to the 

south and west . 

DISCUSSION AND CONCLUSIONS 

A cause for the high standard deviations between samples for all 
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parameters was apparent in the pre-drilling cores . The sporadic occur-

rence of sandy beds, especially in the upper 30 cm from which the sedi-

ment texture subsamples are taken, led to very erratic sand contents 

(1 .5 to 33x) . Not apparent in the macroscopic appearance of the cores 

was a cause for the wide range of silt :clay ratios (from 1/2 to almost 3) . 

It is possible that the coarse bed or zone in the upper 30 cm is present 

everywhere but varies itself in texture from fine sand to silt . Detailed 

textural analyses of distinguishable core units would be required to 

draw further conclusions concerning causes of textural variability . 

The occurrence of obviously foreign sediments resulting directly 

from drilling operations was apparently restricted to the drill site, 

and did not completely cover the area sampled at this station . The evi-

dence for this was based largely on the presence of this material in only 

one of the drill site grab samples . This conclusion is also based on the 

presence of the foreign material on the top of the DS cores and the 

absence in the two undisturbed cores from Station W-100 . This absence is 

particularly significant, because Station W-100 had one of the three 

largest increases in sand content (11.1% at DS ; 11 .7% at W-100 ; and 11 .9% 

at NW-1000) from pre- to post-drilling sampling . The distribution of 

other sand increases showed that the apparent transport of coarse material 

was generally westerly with increases of at least 4% at Stations DS, 

N-100, W-100, 5-100, 5-500, NW-1000, W-1000, SW-1000 and S-2000, and 

changes of less than 2.75% at all but one of the 12 other stations . Thus, 

W-100 would be the most likely of all stations other than DS to have the 

more obvious, coarse, drilling debris . Its absence from the two good, 

undisturbed cores from this station means that the bad cores from all 

other stations probably did not have any visible drilling debris . 
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The type of debris cannot be compared with drill cuttings of drilling 

mood, because none of these materials were provided for examination . The 

pebbly nature of the core-top material makes it unlikely that it was used 

fn drilling mud . On the other hand the uaconsolidated nature of the muddy 

pebbles makes it ualieklq that they were cuttings from deeply buried 

formations . Their most plausible origin may be as pieces of shallowly 

buried strata that were thrown up during the initial spudding-in phase 

of the drilling operation . 

Silt percentages exhibited no apparent patterns of pre-drilling dis- 

tribution, post-drilling distribution, or distribution of changes . Yet 

the bulk of the total increase is sand ih the study area was offset by as 

almost equal decrease is silt throughout the area . Clays, on the other 

hand, had little net change . 

Between prr and post-drilling, sampling clays decreased in abundance 

in a pattern very similar to that of increasing sand percentages . This 

loss could be attributed to dilution by the added sand . However, the 

emery small net change suggests that clays were also added to some study 

area sediments as a result of drilling . All stations beyond 100 m 

of the drill site to the north and east did shoo increases in clay, 

especially in the coarser clays . Thus, the direction of transport of the 

fine fraction of the materials added to the environment as a result of 

drilling semis to have been generally northeastward . This suggestion 

is strengthened by the coincidence of this direction of transport with 

one of the tyro directions of currents measured directly by recording 

current meters . 
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ABSTRACT 

Meiofaunal samples were collected and analyzed from nine stations 
during the pre- and post-drilling surveys. Two stations that could have 
been affected by drilling operations when the characteristic longshore 
current underwent reversals produced lower than expected meiofaunal pop-
ulations and markedly higher harpacticoid/nematode ratios . 
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INTRODUCTION 

Purpose 

The primary objective of this facet of the rig monitoring study was 

to ascertain whether or not the drilling operations produced environmental 

changes that had impacts upon meiofauna populations at the drill site and 

up to 1000 m away from the site . In general, if such an impact did occur 

it was reasoned that it might well result in a reduction in the size of 

the meiofauna populations . More specifically, if the principal effect of 

drilling operations was on sediment composition, then it would be expected 

that the harpacticoid/nematode population ratio would show some increase . 

The secondary objective of the study was to attempt to account for any 

observed changes by application of those physical or biological parameters 

that were measured during the study . It was anticipated that the three 

important factors would be sediment composition, current speed and direc-

tion, and seasonal response to meiofauna populations . 

METHODS AND MATERIALS 

Sampling Stations 

The meiofauna samples were collected with a Smith-McIntyre grab at 

nine stations : the drill site and 500 and 1000 m north, south, east, and 

west from the drill site . It is important to ncte that the eight concen-

tric stations were located on the cardinal east-west and north-south lines 

that intersected at the drill site (Chapter 1, Figures 6 and 8) . This 

meant that no meiofauna samples were taken in between these points ; i.e ., 

to the northeast (33°) or southwest (213°) of the drill site . This is 

significant in that these were the directions of the longshore flow of 

water measured 2 m off the bottom for some days during the interval between 

pre- and post-drilling sampling (Chapter 3) . 
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For the meiofaunal element of the STOCS monitoring project, the 

study area has been divided into five depth zones (Groover, 1977, Final 

Report to the BIM). The rig monitoring site was located within Zone B 

in a line between Station 2, Transect I and Station 4, Transect II (Fig-

ure 1) . 

Sampling Periods 

The pre-drilling samples were taken in late September 1976 which is 

near a low point for meiofauna populations in this region (Pequegnat, 

In Groover, 1977) . No during-drilling samples were taken for 

meiofauna. 

The post-drilling samples were taken in early March 1977 . Unfor- 

`anately, the post-drilling stations were located a significant distance 

SW (21 .18 m) from the pre-drilling stations as explained in Chapter 1, 

page 1-18, of this report . 

Two replicate samples were taken from each grab for laboratory 

analysis ; hence a total of 36 samples were analyzed . 

Analysis of Samples 

Shipboard 

All meiofauna samples were removed from the grab by means of a 

plexiglass core tube of 3 .42 cm diameter (aria = 9 .187 cm2), which was 

pushed into the sediment to a depth of 5 cm . Four such cores were taken 

and the enclosed sediment was extruded into 8 oz . glass jars . One sample 

was frozen immediately . The remaining three samples were anesthetized 

in isotonic MgC12 for 10 minutes . One of these samples was preserved 

with lOX buffered formalin and archived . The other two samples were 

preserved with lOX buffered formalin containing rose bengal stain and 

then processed . 
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LOCATION OF TRANSECTS, SAMPLING STATIONS, AND 
ZONES 

Figure 1 . Location of the Exploratory Drill Site (DS) as Mentioned in the 
Text . Its Eosition is Shown Relative to Stations on T=ansects 
I and II of the South Texas Outer Continental Shelf Baseline 
Study . 

97°00' 98°00' 
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Laboratory 

In the laboratory the stained samples were sieved through 8-inch 

diameter 500 and 62 um sieves . The material retained on the 62 um sieve 

was washed into 2 oz . squat bars with 10% buffered formalin, to which 10 

ml of rose Bengal in formalin (200 mg/R) was added . After the sample had 

been allowed to stain (1-2 days), it was first washed in a 3-inch diameter, 

62 um mesh sieve to remove excess stain and then aliquoted into an 80 x 

40 mm rectangular sorting dish marked off in a 7 mm square grid . The whole 

sample was then examined microscopically and the sorted animals placed in 

vials . When the number of nematodes exceeded 150, the first 150 were 

vialed and the remainder were only counted . 

RESULTS 

Population. Changes 

Comparisons were made of the numbers of :individuals per 10 cm2 for 

the five numerous taxa between the pre-drilling and post-drilling sampling 

periods (Table 1) . An increase in the post-drilling samples in all groups 

except Polychaeta was noted . All stations except W-500 and E-1000 showed 

increases in the post-drill samples as compared to the pre-drill samples . 

Although there was no significant difference between the mean values of 

the two replicates of true meiofauna between the pre- and post-drilling 

samples (Table 2), the reductions in the W-500 and E-1000 stations may 

be indicative of some traceable environmental perturbation . This possi-

bility is strengthened by the likelihood that seasonal increases of 

meiofauna would partially balance reductions due to environmental impact . 

Seasonal Influence 

Previous work (Pequegnat, In Groover, 1977) has demonstrated that 



TABLE 1 

ANALYSIS OF THE POPULATIONS OF THE FIVE PRINCIPAL GROUPS OF MEIOFAUNA COLLECTED IN 
SEPTEMBER 1976 AND MARCH 1977 AT THE RIG MONITORING SITE ON THE SOUTH TEXAS 

CONTINENTAL SHELF. NUMBERS REPRESENT THE AVERAGE NUMBER OF INDIVIDUALS PER 10 cm 2 

DRILL-SITE 

Nematode 

Harpacticoida 

Foraminifera 

Polychaeta 

Kinorhyncha 

36 

1 

1 

4 

0 

Totals 42 

NORTH RADIUS 
500m 1000m 

25 15 

1 2 

1 0 

3 1 

30 18 

SEPTEMBER 1976 

EAST RADIUS WEST RADIUS 
500m 1000m 500m 1000m 

69 84 138 38 

2 2 1 1 

6 2 33 7 

5 3 4 7 

1 0 0 1 

83 91 176 54 

SOUTH RADIUS TAXON TOTALS 
SOOm 1000m 

46 21 472 

1 4 15 

4 20 a 74 

2 2 s 31 

1 ° 3 

53 48 

MARCH 1977 

Nematode 54 105 137 

Harpacticoida 1 3 7 

Foraminifera 15 7 1 

Polychaeta 1 1 3 

Kinorhyncha 0 1 2 

Totals 71 117 150 

120 35 33 68 

1 3 0 2 

21 3 7 8 

3 2 2 2 

0 2 0 1 

145 45 42 81 

93 178 = 823 

4 0 = 21 

46 4 112 

4 3 21 

1 1 8 

148 186 

O 
i 
v 
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TABLE 2 

COMPARISON OF MEAN NUMBERS OF TRUE MEIOFAUNA AT THE 
NINE RIG MONITORING STATIONS IN SEPTEMBER 1976 AND MARCH 1977 . 

THE PAIRED t TEST SHOWED NO SIGNIFICANT DIFFERENCE . 
(t = 1 .39, 8 d .f ., p - 0 .20) 

Pre-Drill Post-Drill 
Station September 1976 March 1977 

D3 36 .5 50 .5 
N-500 25 .5 102 .0 
N-1000 16 .0 136 .0 
E-500 65 .0 110 .5 
E-1000 83 .5 35 .0 
5-500 45 .0 90 .0 
S-1000 24 .0 165 .0 
W-500 133 .5 30 .0 
W-1000 37 .5 64 .5 

x = 52 .3 x = 87 .5 
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meiofauna populations at a depth comparable to that of the drill site 

(33 m) were approaching a major low in late September and October and a 

secondary high in March . This may be a partial explanation of the increase 

of the March 1977 (post-drilling) population over the September 1976 

(pre-drilling) populations . In addition, it was found that the March 1977 

meiofauna populations at Station 4, Transect II (the closest transect 

station to the drill site) were substantially higher than those of March 

'^'6 (Table 3) . Thus, the increase in meiofauna populations between pre-

and post-drilling can be accounted for both by normal seasonal trends and 

an annual difference . This observation was strengthened by testing the 

data in Table 2 and comparing it with the seasonal changes at Station 4, 

Transect II . Using a mean of 52 .3 true meiofauna individuals in the nine 

pre-drill samples and a mean of 87 .5 for the post-drill samples, then the 

post-drill sample increase was significantly lower (Chit test) than that 

shown by Station 4, Transect II for the same time . 

Nematode Taxa 

Thirty-four genera of nematodes were noted in the study . Twenty-one 

of these were represented by more than a single individual . The predomi- 

nant of these in order of frequency were : 

Scrbatieria 
Terachettingia 
Theriatus 
Sphaerolaimus 
DoryZaimnpsis metatypica 
Laime Z Za 
Neotonchus 
BaZaZaimus 
Mesotheristue 
Tricoma 

Kinorhqnch Taxa 

Five genera of kiaorhynchs were collected during the study . These 
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TABLE 3 

COMPARISON OF MEAN POPULATIONS OF FIVE MEIOFAUNA TAXA 
SAMPLED AT STATION 4 OF TRANSECT II IN MARCH 1976 AND MARCH 1977 

Taxon %/ cm 2 
1976 1977 

Nematoda 30 170 
Harpacticoida 0 8 
Foraminifera 1 21 
Polychaeta 2 7 
Kinorhyncha 1 3 
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were the same as those noted in the continental shelf baseline work, viz : " 

Echinoderes 
Pycnophyes 
Trachydemua 
Senmoderes 
Centroderes 

Polychaeta Taxa 

As expected, the polychaetes were the principal group of the temporary 

meiofauna . The predominant species collected were : 

Pilargidae 
AncistrosyZZis papittosa 
Sigmrrbra tentacuZata 

Syllidae 
Exogone dispar 
Exogone genmi fera 
Exogone verrugera 
OdontosyZtis enopta 
SphaerosyZZis erinczceus 
SphaerosyZZis pirifera 

Lumbrineridae 
Lumbrinereis parvapedata 

Dorvilleidae 
ProtodorviZZea sp . A 

Spionidae 
Iaoniee cirrata 
Paraprionospio pinnczta 
Prionospio cirrobranchiata 
PY'ZOnOSp'LO Sp . 

Cirratulidae 
Chuetozone setosa 
Tharyx mznutosus 
T,haryx setigera 

Paraonidae 
Aricidea cerruti 
Cirrophorus brarcchiatus 
PQT'Q071Z3 9'T'QCZZZ3 

Cossuridae 
Cossura delta 

DISCUSSION 

Currents 

The bottom current during the drilling period was in a longshore 

direction toward 213° (Chapter 3) . However, there were three significant 

reversals of this current to the northeast during this period, each 
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lasting for about four days . If, as these reversals occurred, the 

currents traversed a swing to the right (which would be onshore in shift-

ing from SW to NE and offshore during the reciprocal shift), they would 

cross some of the meiofauna sampling stations . 

The above is significant to this extent : during the normal flow of 

the bottom current to the southwest across the drill site, any deleterious 

influences of the drilling process would be transported between the south 

and east meiofauna sampling stations . However, the swings of the current 

during the reversals, would cause the currents to tend to cross the sam-

pling stations noted to have some lower populations . The question still 

presents itself as to why the true meiofauna post-drill population was not 

more markedly affected at the drill-site (Table 1) where one would expect 

a major influence . 

A possible explanation of this situation may be found in the work of 

Behrens (Chapter 9) . Referring to the drill-site station his study shows 

that "foreign sediments resulting directly from drilling operations did 

not completely cover the area sampled at this station." Foreign sediment 

material was found in one of the drill site grab samples . 

Harpacticoid/Nematode Ratio 

The harpacticoid/nematode ratio at those stations most vulnerable 

to drilling activities increased from .O1 fn the pre-drilling samples to 

a high of .09 in the post-drilling samples . A possible explanation of 

this is the general increase of sands in the sediments of the westerly 

stations . Harpacticoids tend to increase in coarse sandy sediments . 

CONCLUSIONS 

Based on the sampling pattern it is concluded that the exploratory 
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drilling in about 33 m of grater off the coast of South Texas had detec-

table depressing effect on the populations of true meiofauna at two 

stations SQO and 1000 m from the drill site but not at the point of drill-

ing . The explanation of this appears to be attributable to the pattern 

of meiofauna stations relative to the predominant bottom currents, which 

were such as to carry drill products to meiofauna stations only at times 

of current reversal . Such reversals occurred on three four-day occasions 

during the drilling operations . 
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ABSTRACT 

Benthic samples from around a drill site were taken before and after 
drilling . Analyses of benthic populations showed a high degree of simi-
larity among pre-drill samples . Post-drill samples, although slightly 
separated along a north-east to south-west line through the study area, 
also showed a high degree of similarity . 

Differences between pre-drill and post-drill samples were attributed 
to drilling operations and seasonality . Benthic populations were definitely 
diminished at the drill site, presumably due to direct impact from drilling 
operations . All other post-drill stations were fairly distinct from pre-
drill stations due to several groups of organisms that appeared to have 
some members that are seasonal . 

Analysis of individual species distribution patterns indicated that 
many species were apparently distributed on a small scale relative to the 
size of the study area . 
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tNT80DIICTION 

The effects of oil production drilling operations on level-bottom 

iatsuaal invertebrate con=-'ties of the Texas continental shelf were 

investigated as a part of the South Texas Outer Continental Shelf study 

funded by the Bureau of Laced Management . While the effects of oil pollu-

tion on beathic organisms lava received considerable attention (Sanders, 

Grasale and Hampaon, 1972 ; MQOra sad Dwyer, 1974), the effects of drilling 

operations seem to be lacking is pertinent literature . Once study (Baacom. 

Disuse and Moors, 1976) of several platforms off Santa Barbara, California, 

reported an initial lack of utilization of well cuttings by baathic popu-

lations but found high density populations is the cuttings after three 

yeas . 

In our study, a aeries of 21 stations at and around a drill site ware 

sampled for beathic invertebrates immediately prior to sad after drilling 

operations . Possible effects of drilling procedures were assessed . 

MKTSOD3 AND MATED LS 

Collection of beathic macroiafauas consisted of six repLIcata samples 

taken with a Smith-Mclutyre grab sampler (0 .1 a2) at each station. Sam-

plug stations included the drill site gad 20 stations srrsaSed.ia concen-

tric circles around it . The circles aura located 100, 500, 1000 sad 2000 

s from the drill site . Stations mere located an cardinal compass points 

an all circles, gad also at intermediate points (NE, NW, SE sad SW) an the 

1000-s circle (Frets 1) . Stations vets located using LORAC navigation . 

" buoy was dropped at each station (ester depth was approximately 33 a) 

and used as a reference point for sampling . " LOBAC reading was tarts each 

t1ao the Smith-WIatyre grab sampler was dropped to provide information on 

the position of each sample relative to the other samples of that suite . 
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Figure 1 . Map of the Rig Monitoring Study Area Showing Location of 
Macroinfauaa Collection Stations (Bold Numbers) . 
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All infauaal samples were washed through a 0 .5 mm mesh screen . Mate-

rial retained on the screen was treated with magnesium sulfate to narco-

tize the organisms and preserved in 10% formalin . In the laboratory, the 

invertebrates were separated from the debris, identified to the lowest 

possible taxon, and counted and preserved in 70% alcohol (isopropanol, 

ethanol or methanol) . 

Six epifaunal samples were taken with a 35-ft (10 .7 m) otter trawl .l 

Pre- and post-drill samples were taken at the drill site and a post-drill 

sample was taken at each cardinal point station on the 1000-m circle . 

Epifaunal samples were initially preserved in formalin, identified to the 

lowest possible taxon, and counted and preserved in 70% alcohol . 

Analysis techniques included standard statistical procedures, includ- 

ing analysis of variance (ANOVA) and chi-square tests of the variability 

of species numbers and the distribution characteristics of individual 

species bet~w-eea different stations, respectively . An index of dispersion 
S2 ($ ) was also employed to examine distribution patterns of individual-spe-

cies at a given station (Gage and Geekie, 1973) . Prior to completion of 

the laboratory analysis of the pre-drill samples, a series of similarity 

(dissimilarity) indices were utilized to compare samples from the drill 

site and the cardinal compass point stations on the 1000-m circle . These 

same indices were used to compare stations from Transect II of the BIM-

STOCS study to assess the degree of similarity among rig-monitoring sta-

tions and those on Transect II . Similarity indices used included coeffi-

cients proposed by Sokal and Sheath and Czekaaowski, as recorded by Clif-

ford and Stephenson (1975) . Dissimilarity indices included those proposed 

by Bray and Curtis, and Lance and Williams, as recorded by Clifford and 

1Due to a misinterpretation of Contract No . AA550-CT6-17, only one trawl 
per day, rather than the two required, were taken at each station . 
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Stephenson (1975) . Cluster analyses using the Canberra Metric dissimi-

larity index and flexible sorting (Boesch, 1973 ; Clifford and Stephenson, 

1975) with b = -0 .25 were completed using both normal and inverse modes 

for pre-drill data, post-drill data and both combined . Two-way tables 

were also generated to aid in interpreting the cluster analyses . Sediment 

and bottom current data from other BLM-STOCS investigators were examined 

to provide further perspective to the data . 

RESULTS 

During the laboratory analysis of pre-drill samples, it became appar-

ent that a high degree of similarity existed between stations . Data from 

the drill site and four stations 1000 m from the drill site were tested 

for similarity (Table 1) . For purposes of comparison, data from temporally 

analogous infaunal collections from Transect II were similarly analyzed 

(Table 2) . The high degree of similarity among stations at the rig moni-

toring site led to the cessation of laboratory analysis of further pre-

drill samples . All six replicates for these five pre-drill samples and 

all 21 post-drill stations were analyzed . 

Analysis of variance of chi-square statistics were employed to further 

corroborate the lack of significant differences between pre-drill stations . 

Based on numbers of species, ANOVA comparisons of variability within sta-

tions (between replicate samples) and between stations showed no signifi-

cant difference (95X confidence level) between pre-drill stations . There 

was a great deal more variation within stations (between replicate samples) 

than between stations . ANOVA of the 21 post-drill stations showed the 

same results, i.e ., no significant differences between stations based on 

number of species per station with a high degree of variability between 

numbers of species collected by replicate samples at a given station . 
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TABLE 1 

SIMILARITY INDICES FOR PRE-DRILL RIG MONITORING STATIONS 

Drill Site N1000 51000 E1000 W1000 

a . Species Co-Occurrence 

DS 60 
N-1000 34 51 
S-1000 34 34 48 
E-1000 31 29 28 43 
W-1000 39 38 36 30 54 

b . Sokal and Sheath 

DS 1 .0 
N-1000 0 .71 1 .0 
5-1000 0 .74 0 .81 1 .0 
E-1000 0 .73 0.77 0.78 1.0 
W-1000 0 .77 0 .82 0 .81 0 .76 1 .0 

c . Czekanowski 

DS 1 .0 
N-1000 0 .61 1 .0 
5-1000 0 .63 0 .69 1 .0 
E-1000 0 .60 0 .62 0 .62 1 .0 
W-1000 0 .68 0 .72 0 .71 0 .62 1 .0 

d . Bray-Curtis 

DS 0 .0 
N-1000 0 .34 0 .0 
5-1000 0.36 0 .44 0.0 
E-1000 0 .37 0 .42 0 .37 0 .0 
W-1000 0 .39 0 .37 0 .46 0 .40 0 .0 

e . Canberra Metric 

DS 0 .0 
N-1000 0 .53 0 .0 
S-1000 0 .52 0 .52 0 .0 
E-1000 0 .56 0 .57 0 .46 0 .0 
W-1000 0 .52 0 .50 0 .51 0 .56 0 .0 
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TABLE 2 

SIMILARITY INDICES FOR TRANSECT II STATIONS JULY 1976 

Stations 1 2 3 4 S 6 

a . Species Co-Occurrences 

1 41 
26 56 
17 19 
28 33 
14 17 
17 24 

b . Sokal and Sneath 

1 .0 
0 .84 1 .0 
0 .63 0 .57 
0 .89 4 .87 
0 .82 0 .78 
0 .69 0 .69 

c . Czekanoswki 

1 .0 
0 .54 1 .0 
0 .28 0 .28 
0 .63 0 .63 
0_36 0 .37 
0 .30 0 .38 

d . Bray-Curtis 

0 .0 
0 .71 0 .0 
0 .86 0 .77 
0 .67 0 .45 
0 .95 0 .69 
0 .86 1 .00 

e . Canberra Met ric 

0 .0 
0 .66 0 .0 
0 .72 0 .70 
0 .73 0 .55 
0 .71 0 .69 
0 .72 0 .68 

82 
21 48 
22 19 37 
38 24 26 71 

1 .0 
0 .64 1 .0 
0 .71 0 .84 1 .0 
0 .70 0 .73 0 .80 1 .0 

1 .0 
0 .32 1 .0 
0 .37 0 .45 1 .0 
0 .50 0 .40 0 .48 1 .0 

0 .0 
0 .74 0 .0 
1 .00 0 .70 0 .0 
0 .70 0 .86 0 .60 0 .0 

0 .0 
0 .71 0 .0 
0 .66 0 .69 0 .0 
0 .59 0 .69 0 .63 0 .0 
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Analysis of individual species distribution patterns were made using 

chi-square analysis and the ratio of the variance to the mesa as an index 

if dispersion . Chi-square analysis showed little deviation from the nor-

mal distribution pattern of species analyzed aver the five pre-drill ata-

tions . A much higher proportion of species assayed showed significant 

deviations from the expected distribution pattern when all 21 post-drill 
2 

stations vase included in the analysis . The index of dispersion (~ ) was 

calculated for numerically dominant species at all stations to assess 

species distribution within a station . In both pre- sad post-drill data 

seta, more species were indicated as being non-randomly distributed about 

a station than across the study area. 

Cluster analyses resulted is deadrograms describing station and 

species groups for the combined pre- sad post-drill- data (Figures 2 sad 3) . 

Pre-drill stations clustered together sad were separate from post-drill 

stations . Among the post-drill stations, the drill site was the most 

dissimilar . The remainder of the post-drill stations generally separated 

into two geographic zones . Group A]. was composed of stations north and 

east of the drill site . Group AZ wan composed primarily of stations south 

sad west of the drill site . 

A condensed two-way constancy table (Figure 4) which indicates how 

consistently s species group is collected at stations within a station 

group was used to interpret observed clusters . It was apparent that 

differences between pry-drill (C) sad post-drill station groups were 

maialq dun to the high constancy of Species Group 2 at post-drill stations 

sad of Species Group 4 at pre-drill stations . A comparison of species in 

Groups 2 and 4 to those at nearby transact stations indicated that these 

differences were due in part to seasonal changes . Species in Group 2, 
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31 Post-Drill 
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33 Post-Drill 
20 Post-Drill 
42 Post-Drill 
40 Post-Drill 
16 Post-Drill 
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32 Pre-Drill 

Figure 2 . Normal Deadrogram from Cluster Analysis of Pre- and 

Post-Drill Data . Numbers Refer to Stations . Letters 
Designate Station Groups . 
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such as Aricidea jeffreysii, Tharyx wmuZosua and Natica pusiZZa were rare 

or absent in fall (time of pre-drill collection) on Transect I and II and 

were more abundant in winter . Other species, such as Spiophanes sp . A and 

LoverteZZa grandis, were rarely ever collected in the STOCS study area and 

were only collected on Transects III and IV and at the post-drill station . 

Species Group 4, which showed high constancy to pre-drill stations, included 

Capitellidae sp . C, which was rarely taken in the STOCS study area. 

The post-drill site (B) was separated from other post-drill stations 

because of the absence of many species at the drill site . Total number of 

species, individuals and species diversity at the post-drill site were less 

than in the pre-drill collection (Appendix E, Table 1) . The numbers of 

individuals in post-drill collections at the drill site was low as com-

pared to other nearby post-drill stations . Species notably reduced in 

number at the post-drill drill site were the filter feeding cumacean, 

EudoreZla mortodon, the tube-dwelling amphipod, AmpeZisca agassiz, and the 

generally numerically dominant polychaete, Nephtys incisa . 

The invertebrate epif aunal samples showed no unusual species present 

in the invertebrate epifaunal trawls at the Rig Monitoring stations (Appen-

dix E, Table 2) . As far as can be determined with the paucity of data 

present, the epifaunal populations are generally similar to temporally 

analogous populations at similar depths on Transect II . The one pre-drill 

and five post-drill trawls taken were not analyzed in detail since they 

did not provide enough data for a reliable comparison . 

DISCUSSION 

The five suites of pre-drill samples were very similar . The various 

analyses showed no significant differences in numbers of species ; that 

distribution patterns of dominant macroinfaunal species were generally 

very similar, that aggregations at the five stations were more :siwilar 
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(less dissimilar) than analogous aggregations from different transect 

stations and that they were more similar to one another than to samples 

at the same stations taken at a different time . The same degree of 

similarity was not shown by the 21 suites of post-drill data. The high 

degree of similarity in the pre-drill data was probably indicative of the 

rig monitoring study area at the time of pre-drill collection . Several 

alternative hypothesis for this apparent similarity were explored . First, 

it may not exist, i.e ., the five suites of samples and the analyses pre-

sented may falsely indicate a high degree of similarity . Second, it does 

exist and is perhaps the result of the timing of the collection . Sampling 

occurred at or near the end of one of the most stable hydrographic periods 

of the year . Water temperature was fairly well stabilized at this depth 

for several months prior to September . The sea state, in terms of wave 

height and storm-induced turmoil, is calm during the late summer and early 

fall months (barring the occurrence of a hurricane) in the study area . 

These conditions, along with the small area encompassed by the rig monitor-

ing study, and the similarity of water depths and sediment types may well 

lead to a short term (in a geological sense) stable point allowing for 

similar aggregations to occur . 

A major reason for examining the similarity of the pre-drill data 

is the apparent dissimilarities occurring within the post-drill data . The 

difference between the drill site and all other post-drill data was 

apparent and is discussed below . The differences between post-drill 

stations groups A1 and A2 were much more subtle . There apparently were 

differences in sediment particle size distribution patterns from pre-drill 

to post-drill . Our analysis of the sediment data and that of Dr . Behrens 

indicate an enrichment of some of the AZ sites with sand . Dr . Behrens 
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was able to assess changes in clay over the study area as well . The major 

current patterns during the drilling operation were in a north-easterly 

to south-westerly direction according to Dr . Smith's data . Currents and 

subtle shifts in sediment particle size distribution may account for the 

division of post-drill sites into Groups A1 and A2 . The difference was 

slight, consisting of minor changes in abundance or constancy of species 

between groups . If this difference is small enough to be discounted, then 

the similarity of pre-drill data is the general pattern . 

The exception to the general pattern is seen in a real dissimilarity 

between the post-drill site (Station 1) data and other post-drill station 

data . Dissimilarity was shown primarily in the smaller populations of 

species and the lack of a number of species found at other post-drill 

stations . These observations were apparently a direct result of the 

drilling process . Several observations by various study personnel indi-

cated a direct impact on the sediment in the vicinity of the drilling 

platform . These include the finding of what appeared to be welding slag 

in the macroinfaunal samples by the technicians and the orange and green 

clays observed by Behrens, presumed to be drilling muds . We do not know 

where the well cuttings were dumped or at what level in the water column . 

We do have reason to believe that something associated with the drilling 

process caused a diminishment of benthic invertebrate populations at the 

drill site . Stations 100 m from the drill site were apparently not 

affected at the time of the post-drill collection . 

There was a seasonal tread which influenced the distinct separation 

between the pre-drill and post-drill stations . Two groups of species, 

Groups 4 and 5 showed very high sad moderate constancy for the pre-drill 

stations . Group 4 was found only in the pre-drill collections and was 
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probably composed of several organisms limited to the late summer-fall 

hydrographic regime on Trausects I and II . Group 5 showed moderate con-

stancy in the pre-drill site at which it showed very low constancy . 

Group 2 had very high to high constancy for the post-drill stations with 

very high constancy being limited to station Group lA, the north-east 

quadrant of the study area . This group included species which were nor-

orally more abundant in the winter than in the fall on Traasects I and II, 

and a few species which were never collected on Transects I and II . 

The distribution patterns of the species analyzed by both chi-square 

and the dispersion index indicated that the scale of distribution of many 

species in this study area was very small . The high variability in spe-

^{pa numbers within a given site and the relatively high proportion of the 

species showing non-random distribution patterns with a given suite of 

samples leads to the conclusion that many species are distributed in 

small patches on the scale of a few meters or less . When the individual 

species observed from all six replicates were totaled, or averaged, and 

analyzed for distribution across a larger area, the results tended to 

indicate a more normal distribution pattern for most species which is 

the expected result in a comparison of replicate sampling in a small-

scale patchy distribution . 

CONCLUSIONS 

1 . Seasonality may play a role in the short-term stability patterns 

and subsequent faunal distribution patterns of the South Texas Outer Con-

tinental Shelf macroinfauna . 

2 . Drilling operations had a definite negative impact on benthic 

populations in the vicinity of the drilling rig . 

3 . Some macro-infaunal species were distributed on a very small 

scale, perhaps a few meters, on the STOCS . 
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ABSTRACT 

Analysis of pre- and post-drilling trawl data revealed numerical 
and biomass declines up to a radius of 1 km about the drill site, in rela-
tion to the general trends in the STOCS study area in 1975 and 1976 . The 
data, however, were not statistically definitive . There were also post-
drilling declines in diversity, equitability and probability of inter-
specific encounter . The need for additional and more comparable sampling 
during such surveys is discussed. 
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INTRODUCTION 

The purpose of this study was to assess pre- and post-drilling abun-

dance and distributioaal patterns of benthic fishes at the rig monitoring 

site . Studies on the benthic fishes of this area (Wohlschlag, 1976 ; 1977) 

by standardized trawling procedures were available for general baseline 

attributes of abundance and distribution . The major premise of the "before-

and-after" drilling comparisons is that disturbance of an enrivonment tends 

to reduce both the quantity of animal life and its diversity. While this 

premise has widespread general utility, this study was originally pursued 

with the hope of detecting any effects on fishes, which a given amount of 

benthic disturbance might cause . 

METHODS AND MATERIALS 

The drill site was first sampled with a standard 15-minute bottom 

trawl on 27 September 1976 at 1627-1642 hrs, before actual drilling oper-

ations from December 1, 1976 to January 20, 1977 . Following the drill-

ing operations, another set of standard trawls was made Marsh 1, 1977, at 

the drilling site at 1900-1915 hrs, 1 km due north at 1945-2000 hrs, 1 km 

due east at 2030-2045 hrs, 1 km due south at 2105-2120 hrs, and 1 lm due 

west at 2145-2200 hrs .i 

Each trawl was as identical as possible at each time and location . 

The trawl was a standard 35-ft (10 .7 m) Gulf Coast flat trawl with a 12 .2 m 

ground line and a 9 .1 m head line, each of 12 .7 mm "steel impregnated" rope . 

There was a 0 .9 m separation between the net wings and the 76 .2 em by 152 .4 

em otter boards fitted with steel runners . The net was constructed of 

untreated white nylon line . Wings and main body were 44 .5 mm stretched 

mesh No . 18 nylon twine . The 3 .0 m bag was 44 .5 mm No . 36 stretched mesh 

'Due to a misinterpretation of Contract No . AA550-CT6-17, only one trawl 
per day, rather than the two required, were taken at each station . 
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nylon twine . Chafing gear surrounding the net was 50 .8 mm stretched mesh 

of 3 .2 mm polypropylene twine . The trawl samples were from the twin-screwed 

R/V LONGHORN at 900 rpm, which with net drag was equivalent to a trawling 

speed of about 2 knots . 

Fish were separated from invertebrates immediately after each trawl, 

field-sorted and iced . After bulk weights for the total catches were made 

is the laboratory at the end of each cruise, the fish were frozen before 

subsequent identification, counting and weighing . 

Each fish was identified using the kegs published by Gallaway et aZ . 

X1972), weighed to the nearest 0 .1 g, and measured to the nearest 1 .0 mm 

is standard, total, and fork lengths (where applicable) . For each station, 

species lists with numbers of individuals sad total weights were compiled 

(Tables 1-6) . 

To assess the diversity within each of the samples, several diversity 

measures were calculated . The Shannon numerical diversity index (Shannon, 

1948 ; Wiener, 1948 ; and Shannon sad Weaver, 1963) was estimated by 

Ha" = E(ni/N) loge(ai/N), 

where ni is the number of individuals is the ith species and N is the 

total number of individuals . In this form, the diversity units are in 

natural bels per individual . By utilizing the weights instead of the 

numbers for each species, a poaderal Ham" vas also calculated after the 

suggestions by Wilhm (1968) . Since some investigators have criticized 

the Shannon diversity index as a aonconcept (e .g. Hurlbert, 1971), the 

probability of iaterspecific encounter (PIE) vas also calculated after 
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the method of Huslbert (1971) as 

PIE = CNN 1 ) 
(1 

-iElni 2), , 

where 
ai - number of individuals in the ith species in the collection, 

N - Eni ' total number of individuals is the collection, 

iri - ni/N, and 

s = number of species in the sample . 

The evenness, or equitability E, of the species distribution was 

determined for each sample as related to the Shannon index and the number 

of species observed (Lloyd and Ghelardi, 1964, Table 1) . 

The data were analyzed by comparing the five poet-drilling sample 

mesas with the corresponding value from the pre-drilling sample, with 

the use of appropriate transformations . These comparisons involved the 

square root of the number of individuals, loglp weights, Sn", Hw", sin-1 

of the square rout of E as a percentage, and the sin-1 of the square root 

of PIE as a percentage . For each comparison, the mesa of five post-drill-

ing values plus or minus two standard errors was calculated to determine 

whether the stagle corresponding pre-drilling values was inside or out-

aide these limits, which could include approximately the 95% confidence 

limits . 

Further interpretation of the data was based on the distribution and 

abundance patterns of demersal fish is the STOCS study area as described 

for the 1975 and 1976 collections (Wohlschlag, 1976 ; 1977) . 

RESULTS AND DISCUSSION 

The pre-drilling sample data are presented is Table 1 sad the post- 
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drilling data in Tables 2-6 . Table 7 contains the summary of weights 

and numbers and the derived Hn", Eiw", E, and PIE values for all collec-

tions . Table 8 contains data for the statistical comparisons . 

From an inspection of the species in Tables 1-6, it was apparent 

that there was considerable diversity in the species composition . Species 

such as PepriZus burti and Syac2wn gunteri were fairly ubiquitous and 

numerous . The occurrence of most other species was less frequent and 

spotty . Obviously the number of samples would have to be increased 

greatly to evaluate the patchy, or contagious, nature of distributions of 

individual species . The greatest single deficiency in sampling was hav-

ing only the single pre-drilling sample for comparison . 

Two other deficiencies associated with sampling involved comparisons 

at different seasons and at different times of day . The results of both 

1975 and 1976 sampling efforts and analyses indicated clearly that there 

could be statistically significant differences both between day (pre-dril-

ling) and night (post-drilling) samples and between autumn (pre-drilling) 

and spring (post-drilling) samples (Wohlschlag, 1976 ; 1977) . From these 

analyses of distribution and abundance data at nearby stations (Transect II, 

Stations 2 and 4) for 1975 and 1976, it was apparent that numbers of 

species and numbers of individuals, hence diversities, tended to be lowest 

in late summer and autumn and highest in spring . The rig monitoring data 

for numbers and weights of samples did not change seasonally to the same 

extent as that indicated by overall sampling in nearby areas . From the 

Table 7 summary, the autumn to spring increases in numbers and weights were 

insufficient to equal comparable increases is similar seasonal collections 

(Wohlschlag, 1976 ; 1977) . In Table 8, the comparisons of both pre- and 

post-drilling means would indicate that increases in numbers and biomasses 
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TABLE 1 

SPECIES LIST, NUMBERS AND WEIGHTS FOR DEMERSAL FISHES 
COLLECTED DURING TIC PRE-DRILLING SURVEY, 

27 SEPTEMBER 1976, 1627-1642 hrs 

Species No . of Individuals Total Weight (g) 

PepriZus burti 16 741 .0 

Cynoscion nothus 5 354 .0 

Syctcium gunteri 3 59 .9 

Stenotomus caprinus 3 40 .2 

" ~:odua foetens 2 264 .0 

Chloroscombrus chzysurus 2 49 .1 

Serrcrrczcs atrobranchus 6 54 .8 

DipZectrcort bivittatum 1 20 .0 

Lutjanus ecrmpecharucs 1 31 .2 

Totals, 9 species 39 1614 .2 
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TABLE 2 

SPECIES LIST, NUMBERS AND WEIGHTS FOR DEMERSAL FISHES 
COLLECTED DURING THE POST-DRILLING SURVEY AT THE DRILL SITE, 

1 MARCH 1977, 1900-1915 hrs 

Species No . of Individuals Total Weight (g) 

Pepritus barb 78 1568 .3 

Cynoscion crenariue 3 228 .6 

Centropristis phiZadetphica 1 23 .4 

DipZectrum bivittatum 3 39 .9 

Synodus poeyi 2 12 .0 

Bo ZZmcrnnia conmunis 2 12 .7 

Synodus foetens 1 35 .5 

Syaciron gunteri 5 139 .7 

Chczetodipterus faber 1 10 .2 

Larimccs fasciatua 1 37 .7 

Scorpaena catcarata 1 13 .9 

Totals, 11 species 98 2121 .9 
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TABLE 3 

SPECIES LIST, NUMBERS AND WEIGHTS FOR DEMERSAL FISHES 
COLLECTED 1000 m NORTH OF THE DRILL SITE DURING THE POST-DRILLING SURVEY, 

1 MARCH 1977, 1945-2000 hrs 

Species No . of Individuals Total Weight (g) 

PepriZus barb 151 2904 .6 

Opisthonema ogtiman 41 3752 .5 

Syacium gunteri 1 7 .5 

Totals, 3 species 193 6664 .6 
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TABLE 4 

SPECIES LIST, NUMBERS AND WEIGHTS FOR DEMERSAL FISHES 
COLLECTED 1000 m EAST OF THE DRILL SITE DURING THE POST-DRILLING SURVEY, 

1 March 1977, 2030-2045 hrs 

Species No . of Individuals Total Weights (g) 

Synodua foetens 1 153 .2 

Syaciwn guntezri 26 498 .2 

Engyophrys septa 1 9 .2 

PepriZus barb 2 48 .6 

Scorpaena catcarata 2 10 .7 

Centropristis phiZadetphica 2 52 .6 

DipZectrton bivittcitwn 1 20 .6 

Sailr'LdCi 17Y'QSZ LZ2TZ828 1 8 .0 

Synodus poeyi 4 .2 

Eatieutichthys acuteatus 1 17 .0 

.~phoeroidea parvus 1 4 .0 

Totals, 11 species 39 826 .4 
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TABLE 5 

SPECIES LIST, NUMBERS AND WEIGHTS FAR DEMERSAL FISHES 
COLLECTED 1000 m SOUTH OF THE DRILL SITE DURING THE POST-DRILLING SURVEY, 

1 March 1977, 2105-2120 hrs 

Species No . of Individuals Total Weights (g) 

Orthopristis chrysoptera 1 58 .2 

Syacium gunteri 9 111 .6 

Centropristis phiZudetphica 1 23 .5 

Scorpaena catcarata 2 13 .1 

HaZieutichthys acuZeatus 1 7.0 

Engyophrys septa 1 5.2 

Cynoscion arenarius 1 65 .9 

PepriZus barb 29 633 .5 

Totals, 8 species 45 918 .0 
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TABLE 6 

SPECIES LIST, NUMBERS AND WEIGHTS FOR DEMERSAL FISHES 
COLLECTED 1000 m WEST OF THE DRILL SITE DURING THE POST-DRILLING SURVEY, 

1 MARCH 1977, 2145-2200 hrs 

Species No . of Individuals Total Weights (g) 

PepriZus burti 49 918 .0 

Cynoscion arena+ius 4 307 .3 

DipZectrran bivittatwn 4 57 .4 

Bo Z Zmrmnia concnunis 3 14 .7 

Orthopristis chrysoptera 1 80 .0 

Syuciwn gunteri 1 3 .8 

Synodzcs foetens 1 86 .0 

Totals, 7 species 63 1467 .2 



TABLE 

SUMMARY OF PRE- AND POST-DRILLING SAMPLE DATA WITH MEASURES OF DIIMERSAL FISH DISTRIBUTION AND ABUNDANCE 

Collection Data No . of No . of Weight Hn" Hw" E PIE 
Species Individuals (g) 

Pre-Drilling 
Drill Site, 27 Sept . 1976 9 

Post-Drilling 
Drill Site, 1 Mar . 1977 11 

N-1000 " 3 

'E-1000 " 11 

S-1000 " 8 

W-1000 " 7 

39 1614 .6 1 .803 1 .552 0 .556 0 .793 

98 2121 .9 0 .939 0 .994 0 .181 0 .375 

193 6664 .6 0 .548 0 .693 0 .666 0 .334 

39 826 .4 1 .384 1 .335 0 .272 0 .557 

45 918 .0 1 .166 1 .097 0 .375 0 .552 

63 1467 .2 0 .887 1 .134 0 .285 0 .390 

Fr 
N 
1 
F-' 
W 



TABLE 8 

PRE-DRILLING AND POST-DRILLING DEMERSAL FISH COMPARISONS (SEE TEXT) 

Number N of Numerical Shannon Ponderal Shannon Equitability, Probability of 
Individuals Loglp Diversity Index Diversity Index EX Interspecific 

or _N Wte ) H� " Hw" sin-' _E 
Encounter PIER 
sin-1 P 

Pre-Drill : 

One Observation 6 .245 3 .208 1 .803 1 .552 48 .22 62 .94 

Post-Drill : 

Mean 8 .9362 3 .2394 0 .9848 1 .0506 36 .270 41 .584 

Standard Error 1 .3909 0 .1636 0 .1405 0 .1051 5 .0210 2 .7058 
of Mean 

Range of Mean 
-2 Std . Errors 6 .1544 2 .9122 0 .7039 0 .8403 26 .2281 36 .1723 
+2 Std . Errors 11 .7180 3 .5666 1 .2657 1 .2609 46 .3119 46 .9957 

f- 
N 
i 
1-+ 
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were not statistically significant, which should probably be the case had 

there been no drilling disturbance . From Table 8, it was also apparent 

that there were statistically nonsignificane decreases in numerical and 

ponderal diversity indices following drilling, while the 1975 and 1976 

seasonal data indicated increases in diversity from fall to spring . The 

Table 8 data also indicate that there may be a statistically "interesting" 

decline in equitability E and PIE after drilling . These types of declines 

might well be explained on the basis of disrupted community structures 

brought about by environmental disturbance, the relatively rare species 

-at (a) have not yet recolonized completely in their former communities, 

or (b) are "foreign" species that have found new niches either as a conse-

quence of the disturbances of a lack of competition in initial stages of 

environmental recovery . 

In Table 9 the composite comparisons of all the species lists show 

the nature of species occurrences among the separate collections . Quite 

obviously the only pre-drilling station species that occurred in all the 

post-drilling samples were PepriZus burti and Syaciwn gunteri, although 

it should be noted that Synodus foetena and Dtiptectrwrt bivittattort occurred 

in three of the five post-drilling stations . The average fraction of 

species occurrences in the five posy-drilling collections was 0 .36 of 

the nine species at the pre-drilling station . 

To assess the comparisons among the four post-drilling peripheral 

stations as compared to the post-drilling site station the average frac-

tion of species occurrences was 0 .48 . While this average would indicate 

a greater species commonality after drilling, it should be noted that the 

north station had only three of 11 common species with Pepritus burti and 

the only collection of Opisthonema ogtinwn having overwhelming predominance . 

The north peripheral station had only three coon species and the south 



TABLE 9 

COMPARISO: OF SPECIES COMPOSITION, WEIGHTS AND NUMBERS OF INDIVIDUALS AT PRE- AND POST-DRILLIN G SITES 

Table 1 ' Table t Table 3 Table 4 Table s Tabl e 6 
Predrilling Poet dr1111ng 1 kw North 1 km Cast 1 Icy South 1 km Wept 

site site Si te site Site Sit e, 
Species No . 

wt( g) 
No . wt( ) No . wt( ) No . Wt( ) No . Wt No . Wt 

Pepriiue burti 16 741 .0 78 1568 .7 151 2901.6 2 4e.6 29 631.5 49 915.0 
Serraiue aErobrwnchus 6 54 .8 0 0 0 O 0 0 0 0 0 0 
Cynoeoiaj nnEhue S 354 .0 0 0 0 0 0 0 0 0 0 0 
Syaofun guntert 3 59 .9 S 179 .7 1 7 " S 26 49e .2 9 111 .6 1 3.8 
Stenotamus oaprinue 7 40.2 0 0 0 0 0 0 0 0 0 0 
Synndue foeF.sna 2 264 .0 1 7S .S 0 0 1 153 .2 0 0 1 06.0 
Chluroacombrue chryaurws 2 49 .1 0 0 0 0 0 0 0 0 0 0 
Dipiectraue bivittatuw 1 20.0 ) 19.9 0 0 1 20.6 0 0 i 57.4 
1443anua .carqeohnnue 1 71 .2 0 0 0 0 0 0 0 0 0 0 

Totals 9 app . 19 1614 .2 - - - - - - 

Cynosoion arsnariua 3 220 .6 0 0 0 0 1 65 .9 i 307 .) 
Centrqr~:at{e phLladRlphica 1 23 . " 0 0 2 52 .6 1 27.3 O 0 
Synodue pneyi 2 12.0 0 0 0 0 0 0 0 0 
Hollnnrviia conrnun{e 2 12 .7 0 O 1 4 .2 0 0 7 14.7 
G7netodipterua fitter 1 10 .2 0 0 0 0 0 0 0 0 N 
lnrirnus faeatiatua 1 17 .7 0 0 0 0 0 0 0 0 
Seoipuana onlermata 1 13 .9 0 0 2 10.7 2 13.1 0 0 

totals 11 spp . 98 2121.9 - - - - - - - - 

Opiethoneon oplinum il 3752 .5 0 0 0 0 d A 

Totals 1 spp. 193 6664 .6 - - - - - - 

6Yigyophrye eenta 1 9 .2 1 3.2 O 0 
Saurida 6rasili.enaie 1 8 .0 0 0 0 0 
I1Ri1eut£ohf:hyr aeuleutue 1 17.0 1 7.0 0 0 
Sphoero{dss parvua 1 4 .0 0 0 0 0 

Totals 11 spp . 19 826 .4 

Orthoprtetie ehryeoptem 1 S" .2 l 60.0 

Totals M app. 45 915.0 - - 

Totals 7 spp . 63 1467.2 
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station had only five species in common with the post-drilling drill 

site station . Also it should be emphasized that all the other post-drill-

ing samples contained few species that had more than one or two examples . 

Why the north and south stations were rather depauperate in numbers of 

species, and why the north station had larger numbers of individuals and 

larger biomass than the south station, is, however not clear unless the 

effects of the drilling activities had a north-south gradient over and 

above the vagaries of sampling . 

There was also an intersting combination of confounding effects of 

general sampling variability and the effects of day-night (diel) activity, 

inasmuch as the pre-drilling collection was made in daytime and the post-

drilling collections is the early evening . Obviously some species (e .g., 

PepriZua burti) that are predominantly diurnal also occur in lesser fre-

quencies at night, while the reverse is true for the predominantly noc-

turnal Syacizon gztnteri . See Wohlschlag (1977) for comparisons of abun-

dances of diurnal and nocturnal species ; also see Vetter (MA Thesis, in 

preparation) for a more complete discussion of day-night differences 

among beathic fishes of the STOCS area . 

CONCLUSIONS 

There we=e definite suggestions, but not statistically definitive 

conclusions, that disturbances up to a radius of 1 km about the drill 

site resulted in both numerical and biomass declines of henthic fishes 

in relation to general trends of abundance at nearby areas in both 197 

.nd 1976 . Further suggestions of disruption were indicated by declines 

in diversity, equitabilitq, and probability of iaterspecific encounter . 

There were also suggestions that day-night predominance patterns changed 

over and above normal seasonal trends . It is recommended that the above 

conclusions be accepted tentatively. 
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ABSTRACT 

Three pre-drilling and three post-drilling samples of macroepifauna 
were analyzed for heavy hydrocarbons . The three pre-drilling specimens, 
squid, rough scad and Atlantic croaker, contained no evidence of petroleum 
hydrocarbons . The n-alkane distributions in three post-drilling samples, 
butterfish, shoal flounder, and shrimp, were petroleum-like, moat notably 
in the shrimp . Also, the shrimp sample had a hydrocarbon content 150% 
higher than the range for this species in the surrounding areas . In all 
these samples no aromatic compounds were detected . Thus, there may be an 
indication of a low level petroleum contamination of post-drilling samples 
but more analyses are needed to verify this observation and the sources of 
contamination . 
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INTRODUCTION 

The purpose of this project was to analyze macropepifauna from the 

vicinity of a drilling site on the South Texas Outer Continental Shelf 

for heavy molecular weight hydrocarbons . These species were collected 

for analysis from the rig site prior to drilling and another three species 

were obtained after drilling had begun. The samples were analyzed by 

the techniques outlined in Attachment A of Contract AA550-CT6-17 (Appen-

dix F) and detailed in the following section . Interpretation of the data 

was based on previous experience (Giam, In Groover, 1977 ; Giam, In Parker, 

1976 ; Giam et aZ ., 1976 ; Farrington et at .,1972 ; Farrington et aZ ., 1976) 

and on the report of Clark (1974) . 

METHODS AND MATERIALS 

Materials ) 

Solvents used in the procedure were Mallinckrodt NanogzadeR and were 

used as received or re-distilled when required . Silica gel (Woelm, 70-230 

mesh) and Aluminum Oxide Woelm Neutral (Activity Grade 1) were activated 

at 200°C for at least 24 hr before use . Hydrocarbon standards were 

obtained frram Analabs and PolyScience Co . 

Instrumentation 

A Hewlett-Packard 5830 GC equipped with dual flame ionization detec-

tors and a programmable integrator was used for analyses . It was equipped 

with 2 m x 3 mm. outside diameter stainless steel columns of SX FFAP on 

Gas Chrom Q 100/120 . The injector was at 280°C and the detector at 350°C . 

The column oven was temperature programmed from 100° to 250°C at 5°/min . 

iTrade names of reagents, solvents andequipment and addresses for sellers 
are included to facilitate recognition by interested users of what we 
happen to use ; there is no implication that these are solely recommended . 
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Procedure 

Background Reduction 

Prior to actual sample analyses, procedure blanks and recovery studies 

were performed . All solvents to be used in the procedure were concentra-

ted to the extent required by the procedure and analyzed by gas chromato-

graphy . Any solvent exhibiting any impurities in the hydrocarbon region 

of the spectrum was rejected or redistilled in an all glass system . Solid 

reagents were purified by heating in a 325°C oven for at least 24 hrs ; con-

centrates of solvent rinses-of these materials were inspected by gas chro-

matngraphy as for solvents . Glassware and equipment were washed with 

Micro cleaning solution kIaternational Products Corp .) and distilled 

water, rinsed with acetone, methanol and hexane and heated overnight at 

325°C . After heating, they were rinsed with two portions of benzene and 

two of hexane . The final hexane rinse was concentrated and checked by 

gas chromatography . If any impurities were present, rinsing was repeated 

as needed to obtain an acceptable blank . Glassware checks accompanied 

each sample run and procedure blanks were performed at frequent intervals . 

Extraction of Macrofauna 

Approximately 100 g of tissue were used for all analyses . When pos-

sible, a minimum of five organisms or portions thereof were used for an 

analysis to minimize the natural variability of hydrocarbon content in 

conspecifics . The weighed sample was cut into smaller pieces and an 

aliquot of the sample was removed sad placed in a tared beaker and dried 

at b0°C until a constant weight was obtained . In this manner, the wet 

weight and dry weight of the sample was obtained . The remainder of the 

sample was saponified . 
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Saponification 

Saponification was carried out by refluxing the sample with 0 .05 g 

ROH/g tissue in approximately SO ml methanol . The saponification was 

continued until the tissues were digested . After the completion of diges-

tion, an equal volume of purified water was added to the mixture . The 

mixture was then refluxed overnight . Upon completion of the hydrolysis, 

the mixture was diluted with an equal volume of a saturated NaCl solution . 

The mixture was then extracted three times with n-pentane . The volume of 

n-pentane used for each extraction was equivalent to the volume of metha-

nol initially used in the saponification . The n-pentane fractions were 

then combined and washed with an equal volume of water . The solvent was 

_emoved from the pentane extract (for weight determination) prior to 

column chromatographic separation . 

Column Chromatography 

A weight ratio of about 100 parts alumina to one (1) part lipid 

sample and 200 parts silica gel to one (1) part lipid sample was used . 

The column had a length to inside diameter ratio of approximately 20 :1 . 

Both the silica gel and the neutral alumina were Activity I . The column 

was packed in hexane and rinsed with one column volume of n-pentane . At 

no time was the column allowed to run dry . The extract taken up in a 

small volume of n-pentane was then applied to the column and the aliphatic 

fraction eluted with two column volumes of n-pentane . This was followed 

by elution of aromatics with two column volumes of benzene . The eluates 

from the two fractions were then taken to near dryness. They were then 

transferred to screw cap vials with teflon.;-lined caps, and the remainder 

of the solvent was removed with a stream of purified nitrogen . Following 

column chromatography, all eluates were analyzed by gas chromatography . 
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Gas Chromatography Separations 

Each eluted fraction obtained from the column chromatographic separa-

tion was quantitatively dissolved in a small volume of carbon disulfide 

for injection into the GC . A stainless steel column (2 m x 3 mm outside 

diameter) packed with Sx FFAP on Gas Chrom Q (100/120 mesh) and a 50 m 

SE30-WCOT glass column were used for the analysis . The columns resolved 

n-C17 from pristane and n-Clg from phytane with a resolution (R) of approx-

imately unity, where 

R - 2d/(wl + w2) and, 

w is the width of each peak at the base of one 
phase for both pairs of components, and 

d is the distance between apices . 

The columns we=e also capable of resolution of hydrocarbons from n-C14 

through n-C3( . To assist identification, the following compounds were 

used as standards to match the retention times of peaks in the gas chromes-

togram : aliphatic hydrocarbons C15 - C32, trimethylbenzene, 1,2;3,5-tetra-

methylbenzene, 1,2,3,4-tetramethylbenzene, naphthalene, 2-methylnaphthalene, 

1-methqlnaphthalene, 1,5-dimethylnaphthalene, 2,3-dimethylnaphthalene, 4-

phenyltoluene, 3,3'dimethylbiphenyl, 4,4'dimethylbiphenyl, fluorene, 1-meth-

ylfluorene, phenanthrene, anthracene, 9-methylanthracene, fluoranthene, 

and chrysene . 

RESULTS 

The analytical results are detailed in Tables 1 through 6 as total 

concentration of heavy alkanes, total n-paraffins, the levels of pristane 

and phytane, the ratios of priatane/phytane, pristane/C17, phytane/Clg 

and the CPI ratios . In the pre-drilling samples, the C15 and C17 a-para-

ffins were the dominant hydrocarbons, totaling more than 50% of the n-para- 
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TABLE 1 

CONCENTRATION OF ALKANESI IN RIG MONITORING MACROEPTYAUNA 
(PRE-DRILLING SAMPLES) FROM TEE SOUTH TEXAS OCS (1976) 

Station/ Sample Sample Conc . in ppm 
Transact Code Species Wt . (ug/g dry wt .) 

DS TSE Squid 92 .1 0.91 
Loligo ep alai 

DS TBF Rough scad 58 .4 7 .18 
Trachurus lathami 

DS TBG Atlantic croaker 97 .9 10 .89 
Mieropogon uadulatus 

lTotal Alkanes includes total paraffins, pristaae and phytaae . 
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TABLE 2 

ORGANS AND INDIVIDUALS ANALYZED IN RIG MONITORING 
MACROEPIFAUNA (PRE-DRILLING SAMPLES) FROM THE SOUTH TEXAS OCS (1976) 

Station/ Sample Organ No, of 
Transact Code Species Used a Individuals 

DS TSE Squid W-p 8 
LoliRO ep alai 

DS TSF Bough scad M S 
Trachurus lathami 

DS TBG Atlantic croaker 
Kicropotton undulatus 

aW-p - whole less pea 

K " muscle only 
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TABLE 3 

PERCENT DISTRIBUTION OF a-PARAFFINS IN 
RIG MONITORING MACROEPIFAUNA (PRE-DRILLING SAMPLES) 

FROM THE SOUTH TEXAS OCS (1976) 

STATION DS DS DS 

SAMPLE CODE TBE TBF TBG 

CARBON N0 . 

14 
15 8 .9 66 .5 
16 - 3 .1 1 .8 
17 59 .0 51 .6 17 .9 
lg 5 .1 4 .5 1 .1 
19 17 .9 11 .0 3 .5 
20 - 1 .6 0 .8 
21 10 .3 5 .2 1 .7 
22 - 1 .3 0 .7 
23 7 .7 11 .5 1.9 
24 - 1 .3 0 .7 
25 - - 0 .7 
26 - - 0.6 

0 .6 
28 - - 0 .4 
29 - - 0 .4 
30 - - 0 .7 
31 
32 

n paraffias (ppm) 0.12 0.38 5 .65 
Pristaae (ppm) 0 .79 6 .80 5 .24 
Phytaae (PPm) - - - 
Pr/Pq 
P=/C u.2 34,7 5 .2 
P9/Cig 
Cp1 14 20 20 

15 .1 .l 8 .6 27 .0 
- - 

CPI 5,2 1.5 
20-32 

Total alkaaes 0 .91 7 .18 10 .89 
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TABLE 4 

CONCENTRATION OF ALKANESI IN RIG MONITORING MACROEPIFAUNA 
(POST-DRILLING SANPLES) FROM THE SOUTH TEXAS OCS (1977) 

Station/ Sample Sample Cone . in ppm 
Transact Code 3 ep ciea Wt . (Us/it dry wt .) 

DS BDFZ Butterfish 69 .7 6 .49 
Paprilus burti 

DS BDGA Brawn shrimp 56,7 0 .61 
Pmaeus aztecus 

DS BaGB Shoal flounder 58.2 1 .14 
S a~~ guateri 

'Total Alkaaes includes total paratfias, priataas and phytsae . 
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TABLE 5 

ORGANS AND INDIVIDUALS ANALYZED IN RIG MONITORING 
EPIFAUNA (POST-DRILLING SAMPLES) FROM THE SOUTH TEXAS OCS (1976) 

Station/ Sample Organ No, of 
Traasect Code Species Used a Individuals 

DS BDFZ Butterfish M 5 
Peprilus burti 

DS BDGA Brown shrimp M 5 
Penaeus aatecus 

DS BDGB Shoal flounder M 5 
S acium gunteri 

muscle only 
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TABLE 6 

PERCENT DISTRIBUTION OF n-PAxAFFINS IN 
RIG MONITORING MACRQEPIFAIINA (POST-DRILLING SAMPLES) 

FROM THE SOUTH TEXAS OCS (1977) 

STATION DS DS DS 

SAMPLE CODE BDFZ BDGA HDGB 

CARBON NO . 

14 0 .6 
15 33 .0 6 .3 7 .4 
16 2 .4 9 .7 6 .5 
17 45 .0 12 .3 16 .3 
is 7 .0 10 .6 7 .5 
19 4 .5 7 .2 8 .0 
20 0 .7 5 .6 4 .5 
21 0.7 5 .1 6 .7 
22 0.6 5 .6 3 .3 
23 1.0 4 .7 4 .7 
24 0 .6 4 .7 4 .3 
25 1.3 5.0 8.2 
26 0.6 4 .9 4 .7 
27 0 .7 3 .2 6 .3 
28 0 .7 3 .6 4.7 
29 - - 5.1 
30 0 .6 5 .0 1 .8 
31 
32 - 6.5 

a-paraffina (ppm) 3.60 0.56 0.51 
Pristaae (ppm) 2 .87 0 .04 0,60 
phytane (ppm) 0 .02 0 .01 0 .03 
pr/py 143.5 4 .0 20 .0 
pr/C 17 1.8 0 .6 7 .5 
py/C 

18 
0.1 0 .2 0 .8 

CPI 14-20 8 .2 1 .1 2 .0 
Cp1 20-32 1.1 0 .6 1 .5 

Total alkaaas 6 .49 0 .61 1 .14 
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ffins . In the post-drilling specimens, the C15 and C17 hydrocarbons 

constituted more than SOX of the n-paraffins in butterfish ; in shrimp and 

shoal flounder, they accounted for approximately 20% of the total n-para-

ffins . Pristane was present in all samples and phytane was present in 

all three post-drilling samples . The pristane/prytane ratios were 143.5 

for butterfish, 4 .0 for shrimp and 20 .0 for shoal flounder . The pristane/ 

CIT ratios were higher for the pre-drilling sample than for the post-

drilling samples . The phytane/Clg ratios in the post-drilling samples 

were 0.1, 0 .2, and 0.8 . The CPI14-20 ratios were 15 .1, 8 .6 and 27 .0 for 

the pre-drilling samples ; they were 8 .2, 1 .1 and 2 .0 for the post-drilling 

samples . 

DISCUSSION 

The analytical methods used for this study yielded excellent proce-

dure blanks and good recoveries of the heavy hydrocarbons reported for 

this study . 

The pre-drilling samples obtained for this study were squid, rough 

scad and Atlantic croalcer ; the post-drilling samples were butterfish, 

brown shrimp and shoal flounder . Due to seasonal variability in species 

composition of epifaunal and demersal fish populations, it is difficult 

to draw conclusions as to the effects of drilling on the heavy hydro-

carbon content of the samples, but several treads are apparent (nee 

Holland, Chapter 11, and Wohlschlag, Chapter 12) . The levels of n-allcanes 

in the pre-drilling samples were within the ranges found in other samples 

from the South Texas OCS . This was also true of the butterfish and shoal 

flounder from the post-drilling samples ; the shrimp, however, had a 

concentration of 0 .51 ppm of n-paraffins, while the range for this species 

was 0 to 0 .32 ppm is other areas . The distribution pattern of the n-alkanes 
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was petroleum-like is all three post-drilling specimens and was most 

notably so is the shrimp . Phytane, which is generally considered to be 

from petroleum rather than from biogenesis (Fanington et aZ ., 1972), 

vas present in the poet-drilling samples . Thus, the pattern of n-alkaaes 

and the presence of phytane is consistent with the presence of hydrocar-

bons from petroleum contamination . However, if there was petroleum con-

tamination, it had to be very low because the levels of phytaae were 

very low and aromatic hydrocarbons were not detected . Also, phqtane 

has bean present relatively frequently is near-shore samples, malting the 

source of contamination difficult to assess . Thus, more samples need to 

be analyzed to confirm this observation . 

The pristanelphytaae, pristane/C17 and pristane/Clg ratios are fre- 

quently used to identify sources of oil pollution and are often similar 

to organisms exposed to a single petroleum source . There is some indi-

cation that biogenic hydrocarbons can affect these ratios (Farrington 

and Medeiros, 1975) and the species variation in the samples may account 

for the variation is the pristane/phytane and pristaae/C17 ratios is the 

samples analyzed . However, the phqtaae/Clg ratios of 0 .1, 0 .2 and 0 .8 

for the poet-drilling samples may be taken as indicative of a single source 

of petroleum contamination is the samples . 

Another index of the presence of petroleum are odd-even ratios . In 

this study, carbon preference indices (CPI) have been used as a measure 

of odd-carbon dominance . They are calculated as follows : 

n' 31 
E HC odd 

n ~ 21 
~Z20-32 ~ 1/2 n = 32 

E HC ed~a 
a - 22 

n - 31 
B HC odd 

n - 21 

n - 30 
E HC even 

a - 20 
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a - 19 
E HC Odd 

n' 

15 CPI 14-20 1/2 
- 20 
E HC even 

a - 16 

n - 19 
E HC odd 

a= u 
n " 18 

E HC even 
a " 14 

The CPI2p_32 is generally of the same order of magnitude for petroleum 

(mean 1 .2) and for biological organisms (mean 1 .0-1 .5), but the CPI14-20 

more accurately reflects the odd-carbon dominance of biological samples 

that is absent is petroleum . The CPI14-20 is almost always >2 for organ-

isms, while it averages <1 .0 for petroleum (Clark, 1974) . 

The CPI14_20 ratios were 15 .1, 8 .6 and 27 .0 for the pre-drilling 

samples, indicating biogeaic hydrocarbons . This value was also high (8 .2) 

for butterfish in the post-drilling samples, but was 1 .1 for shrimp and 

2 .0 for shoal flounder indicating the probable presence of petroleum 

hydrocarbons . The butterfish may also contain petroleum hydrocarbons, 

but due to its naturally high content of biogenic allcanes, it is a poor 

species for monitoring the presence of trace amounts of petroleum contami-

nation. 

CONCLUSIONS 

The pre-drilling samples contained no evidence of petroleum contami- 

nation upon analysis for heavy hydrocarbons, while the post-drilling samples, 

especially shrimp, did contain phytane and had a-paraffin distributions 

strongly suggestive of petroleum. As noted is our other OCS studies, shrimp 

appear to be one of the best species for detecting the presence of petro-

leum pollution . In thin study, the post-drilling shrimp yielded as n-para-

ffin pattern and a CPI14-20 ratio suggestive of petroleum . The other two 

post-drilling species, shoal flounder and butterfish also contained phytane 
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and a wide range of n-paraffins . However, the probable effect of petro-

leum hydrocarbons on the n-paraffins pattern was not as distinct as in 

'§hrimp due to the more complex biogenic hydrocarbon content of these 

fish . Aromatic hydrocarbons were not detected in any samples, which may 

imply a relatively low level of petroleum contamination in the drilling 

area or a low level of petroleum contamination in the drilling area or a 

low level of aromatics in the oil source . It is important that more 

samples be analyzed to confirm if the post-drilling samples were indeed 

contaminated with petroleum. Also, samples from varying distances from 

the rig would be important for determining the source of this contamina-

tion, e.g., the source may be from adjacent contaminated locations . 
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ABSTRACT 

Three samples or organisms were collected in the mediate vicinity 
of an exploratory oil drilling site in the STOCS area both before and 
after (a total of six samples) actual drilling operations . The concen-
trations of 10 metals were determined in the samples using flame atomic 
absorption spectroscopy (AAS)(Cu, Fe,-fin), flameless AAS (Cd, Cr, Ni, Pb) 
and neutron activation analysis (A1, Ca, V) . 

The trace metals data set did not permit a realistic assessment of 
the possible impact of drilling operations on the levels of trace metals 
in organisms inhabiting the immediate vicinity . Not enough samples were 
collected sad only one species occurred in both pre- and post-drilling 
sample groups . The species collected were all very mobile and their 
period of exposure to the ambient environment of the rig was probably 
variable and very limited . 

Considering these limitations, the data suggest that drilling acti-
vities had no significant effect on the levels of trace metals is organ-
ism in the area . 
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INTRODUCTION 

As part of the rig monitoring study, a limited effort was made to 

determine if any differences in organismal trace metals concentrations 

before and after drilling operations could be detected . Three samples 

of epifauna and demersal fishes were collected before and after drilling 

activities and concentrations of 10 trace metals (Al, Ca, Cd, Cr, Cu, 

Fe, Ni, Pb, n, Zn) were determined in each sample . The purpose of this 

report is to present and discuss this trace metals data . 

METHODS AND MATERIALS 

All samples were collected by personnel of the University of Texas, 

Port Aransas Marine Laboratory using a 35-ft (10.7-m) Texas box otter 

trawl . The pre-drilling samples were collected on 27 September 1976 and 

the post-drilling samples on 2 March 1977 . Every reasonable precaution 

was taken to avoid contamination during sampling . The samples were 

placed in polyethylene bags . When potentially contaminating sediment 

or other foreign material was adhering to the exterior surfaces of the 

organisms collected, they were rinsed prior to being put into the poly-

ethylene bags . To avoid any release of metals from the organisms caused 

by microbial activity, all samples were immediately frozen on board ship 

and remained frozen during transportation and storage until prepared for 

analysis . 

Sample Preparation 

Non-contaminating procedures need to prepare each of the sample 

types (i .e., shrimp, squid and fish flesh) are detailed below. 

Fish and macroinvertebrate samples were thawed just prior to being 

prepared for freeze drying . They were rinsed with deionized water as 



14-4 

necessary to remove any mud ox other foreign material adhering to the 

exterior surfaces of the organisms. The deionized water used for all work 

was prepared by passing distilled water through an ultrapure, mixed-bed 

demineralizer column (BARNSTEAD D0809) . All dissections were done in a 

clean room on acrylic plastic cutting boards using stainless steel scal-

pels, scissors and nylon or teflon tweezers as required . At no point 

during the dissection were the preparer's fingers allowed to touch the 

tissue to be analyzed . All dissecting equipment was thoroughly rinsed 

with 1 N nitric acid (HN03) and deionized water between preparation of 

each sample . At the end of each sample preparation, all equipment was 

thoroughly cleaned in a Na2C03 solution and rinsed with 1 N HN03 and 

deionized water . The equipment was stored in polyethylene bags until the 

next use . The acrylic boards were soaked in 0 .5 N HId03 between each use . 

Muscle tissue from all fish, shrimp, and squid collected were pre- 

pared for analysis . A maximum amount of the appropriate tissue from each 

individual was prepared for freeze drying as described below. This action 

was taken to insure that extra freeze-dried material would be available 

for repeat analyses when necessary and to avoid having material from the 

same sample stored in two different ways for long periods . An equivalent 

wet weight tissue aliquot was taken from five or more individuals in the 

sample (if available) and pooled in a tared plastic, snap-cap vial to give 

a total wet weight if possible of 6-12 g . After dehydration this pooled 

sample yielded a dry weight of 1-3 g, all of which was analyzed for trace 

metals . Pooled samples were prepared in this manner to insure that the 

trace metals concentrations in the pooled sample represented a true aver-

age of the concentrations existing in each of the individual organisms 

included in the sample, and also to avoid having to homogenize a large, 
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pooled sample with a ball mill or mortar and pestle and risk contamination. 

If sufficient tissue remained, reserve pooled samples identical to the 

first were prepared in separate vials . If there was insufficient tissue 

remaining to prepare a second replicate pooled sample, or if there was 

still tissue left over after the preparation of the additional replicates, 

the remaining tissue from each individual was placed in separate vials 

for possible future use . 

The abdominal musculature was removed from whole shrimp for analysis . 

The total length (from rostrum to tail) and sex (whenever possible) were 

determined for each individual prior to dissection . The head and thorax 

were cut off and discarded . The abdominal musculature was removed by 

making a mad-ventral incision with scissors and peeling off the exoskeleton . 

The mid-ventral artery was removed from the surface of the muscle and the 

digestive tract and dorsal artery excised by making amid-dorsal incision . 

This procedure was done to reduce the variability in sample trace metal 

concentration since vascular and digestive tissue could have significantly 

different trace metals content than the muscle tissue . The muscle tissue 

was rinsed sparingly with deionized water to remove any remnants of the 

arteries or digestive tract and was then handled as described below. 

For squid, the mantle length (from the dorsal anterior margin to the 

tip of the tail) and the sea (whenever possible) of each was determined . 

The mantle was slit from the funnel to the tail and laid open . The pen, 

viscera, exterior skin and tail fins were removed . The remaining mantle 

tissue was rinsed sparingly as required with deionized water to remove 

any remnants of viscera, etc . and treated as described below . 

The standard length and sex (whenever possible) of each individual 

fish was determined . In dissecting out the lateral trunk musculature, a 
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concerted effort was made to avoid contamination of the muscle sample which 

could occur if the sample came into contact with the exterior surface of 

the skin . On each side of the fish, a dorso-ventral incision was made 

along the anterior margin of the lateral trunk musculature . This incision 

was continued posteriorly just lateral to the mid-dorsal and mid-ventral 

planes . The skin was flayed off and discarded . The muscle was cut away 

from the axial skeleton, and, when sufficient tissue was available, the 

margins, where possible contact with the exterior skin could occur, were 

trimmed off and discarded . If there was insufficient tissue available, 

these margins were rinsed sparingly with deionized water . 

To check possible sources of contamination during sample preparation, 

the following experiment was conducted . Eight replicate aliquots of flesh 

from a single red snapper (Lutjanus campechanus) were preapred as described 

above . Two replicates were frozen immediately . Four aliquots were 

refrigerated for 18 hours and then frozen . During refrigeration, one 

replicate received no further treatment . The blade end of a scalpel which 

had been used in numerous previous dissections was put directly into the 

second replicate. The blade end of a similar scalpel which had never been 

used was put into the third replicate . The cutting blades of a pair of 

dissecting scissors were put into the fourth aliquot . The remaining two 

aliquots were exposed to an acrylic cutting board or WHATMAN Number 1 

filter paper for 20 minutes at room temperature and then frozen . All 

samples were then handled as described below . The only significant con-

termination observed was a s 30-fold increase in the Cr concentration of 

the aliquot exposed to the scissors . The use of dissecting scissors in 

sample preparation throughout this study was minimized . However, the 

time of contact between tissue and dissecting instruments during this 
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experiment was much longer than would ever occur during actual sample 

preparation . This experiment suggests that the preparation techniques 

were not a source of sample contamination for the eight metals measured . 

At the end of each sample dissection, the tissue sample s) was placed 

immediately in a tared snap-cap vial and weighed immediately to determine 

wet weight . The samples were covered with parafilm and placed in a freezer. 

When a sufficient number of samples had accumulated, all samples were 

freeze-dried for 24 to 96 hours to a constant weight . After removal from 

the freeze dryer, the samples were reweighed to determine dry weight and 

the percentage of moisture lost by each sample was calculated . Samples 

were then stored in a desiccator until analyzed . 

Digestion (Wet Oxidation) of Samples 

Freeze-dried samples were prepared to atomic absorption spectrophoto-

metric (AAS) analysis using a nitric (HN03) : perchloric (HCLO(,) acid 

digestion procedure asidescribed in Method 3 of Attachment B, Contract 

AA550-CT6-17 (Appendix G) . Unacceptably high procedural blanks for Cd, 

Cr and Pb were observed in preliminary sample digestions using this method . 

The primary source of contamination was perchloric acid (flCL04, double 

redistilled) and to a much lesser extent nitric acid (HN03, double redis-

tilled) since up to 25 ml HN03 were being used per sample digested . To 

minimize this blank problem, a new lot of HCL04 containing considerably 

lower concentrations of Cd, Cr and Pb was obtained and the amount of HN03 

and HCL04 used to digest each sample was significantly reduced . This 

reduction was realized by changing to an essentially closed refluxing sys-

tem . A 1-3 g dry-weight sample was placed in a spoutless, electrolytic 

style pyrex beaker and 4-5 ml of 70% HId03 per gram of sample and 1 ml total 

of HCL04 were added . The beaker was covered with a 75 mm, non-ribbed pqrex 
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watchglass and allowed to sit overnight at room temperature . The mixture 

was then refluxed at low heat on a hotplate for 6-24 hours . A bent glass 

rod was placed between the beaker lip and the watchglass and the heat 

increased to permit HN03 evaporation . At the first sign of white HCLOq 

fumes (i .e ., when most of the HNO3 was gone), the glass rod was removed, 

allowing the watchglass to again rest flush on top of the beaker . The 

sample was allowed to reflux until cleared completely . If the sample did 

not clear, an additional 1 ml HN03 and 0.5 ml HCLOq were added and the 

refluxing continued until clearing occurred . This step was repeated once 

if necessary . Finally, the watchglass was removed and the mixture was 

allowed to evaporate to near dryness . 

Each digested sample was transferred to a tared 30 ml Oak Ridge type, 

screw-top polypropylene centrifuge tube by washing the beaker several times 

with 0.1 N NO3 (BAKER IILTRER grade) and pouring the resultant solutions 

into the centrifuge tube . Each sample was brought to approximately 25 ml, 

thereby diluting the original dry weight sample 10-20 times . The volume 

of each sample was determined by reweighing the filled sample tube and 

making a small correction (e .g., 1 .01 - 1 .04, pH ti 0 .5 - 1) for the speci-

fic gravity of the sample solution which was determined for each digestion . 

Further dilutions from the original solution were made on a weight/weight 

basis in a 5 dram snap-cap vial using 0 .1 N HN03 . 

All digestion glassware was soaked immediately after use in a solu- 

tion of "Micro" detergent and distilled water in covered polyethylene pans 

for up to several days . The glassware was then rinsed thoroughly with 

deionized water and soaked is 3 N reagent grade HN03 in covered polyethy-

lene or polypropylene pans until the next use . The centrifuge tubes were 

prepared for use by cleaning in a "Micro" solution . They were then filled 
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with 5 N reagent grade HId03, heated for several days at 50°C and stored in 

room temperature until used . Prior to use, the tubes were emptied, rinsed 

thoroughly with deionized water and tared . The 5 dram snap-cap vials used 

for further dilutions were filled with 1 N reagent grade HN03 and allowed 

to sit at room temperature for several days . Prior to use they were 

emptied, rinsed with deionized water and tared . 

These rig monitoring samples were analyzed as part of the STOCS 

monitoring study trace metals project . About 50 samples and blanks were 

digested at any one time using the above procedure . Three to five proce-

dural blanks were included in each digestion to determine the amount of 

each metal contributed to the samples by the digestion glassware and 

reagents . These blanks received the same reagents and treatment as the 

tissue samples . An aliquot of the 0 ..1 N HNO3 used to transfer and dilute 

the sample was placed in a centrifuge tube and analyzed with each diges-

tion as a diluent/tube blank . Reagent blanks were analyzed for all bot-

tles of acid prior to their use in sample digestion . These blanks were 

prepared by taking Z. 10 ml of acid, evaporating it to near dryness in 

digestion glassware and transferring the residue to a centrifuge tube in 

the same manner described above . For each series of dilutions made using 

5 dram vials, one or more vial blanks were prepared and analyzed . 

To determine if any of the mantle of interest were being lost from 

samples during digestion, spike recovery experiments were conducted 

during four different digestions . Three experiments used aliquots of 

fish flesh and one used shrimp flesh . In each experiment two replicate 

aliquots of tissue were placed in separate beakers and digested as described 

above . One aliquot was spiked during initial heating with the following 

amounts of metals : Cd ( .025 ug), Cr (0 .25 ug), Cu (50 ug), Fe (50 ug), 
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Ni (2 ug), Pb (0 .5 Vg) and Zn (50 ug) . Replicate aliquots of the spike 

were placed in two separate tared centrifuge tubes and brought to 25 ml 

with 0.1 N HNO3 diluent . These two samples were analyzed to determine 

the actual amount of each metal in the spike . The unspiked tissue sample 

analyzed to determine the amount of each metal in the sample itself . 

The total amount of each metal expected in the spiked sample was calculated 

using these two values . Percent recovery was determined by comparing the 

expected amount of each metal with the actual amount measured in the spiked 

sample . The average percent recovery was as follows : Cd 93%, Cr 94%, 

Cu 107%, Fe 93%, Ni 95%, Pb 103% and Zn 107°G . Considering the low levels 

of metals used in the spikes and the precision of the analyses, these 

results were quite acceptable . They indicate that there was no signifi-

cant loss of any of the metals studied during the digestion procedure . 

Atomic Absorption Spectroscopy (AAS) Procedures 

Eight elements (Cd, Cr, Cu, Fe, Ni, Pb, V and Zn) were analyzed in 

the biological samples from the rig monitoring study. Cadmium, Cr, Ni 

and Pb, which occurred at law levels, were measured using flameless AAS . 

These analyses were made using a PERKIN-ELMER Model 306 atomic absorption 

spectrophotometer equipped with an HGA-2100 graphite furnace atomizer . A 

summary of the instrumental operating conditions and the average procedural 

blanks for all eight digestions are given in Table 1 . External and inter-

nal furnace purge gas flow rates were verified at specified levels of 0 .9 

and 0 .3 R per minute, respectively, at 40 psi delivery pressure . Injec-

tion volume was 25 u1C . The furnace temperature gauge was calibrated using 

a clamp-on (inductive) ammeter and an optical pyrometer . Dry, char and 

atomization temperature and times were optimized for each metal using 

selected representative samples according to the manufacturer's recommends- 



TABLE 1 

SUMMARY OF OPERATING CONDITIONS FOR FLAMELESS ATOMIC ABSORPTION ANALYSIS 

Element Wavelength 
(ran) 

Sourcel 
temperature (°C) 
Time (seconds) 

dry char atomize 

Minimum 
Detectable 
Concentration3 

(PPb) 

Sensitivity2 
(pg) 

Average 
Procedural 
Blank 

(n8) 

Cd 228 .8 EDL (5) 850 300° 18000 0 .025 9 6 

HCL (8) 60 sec 60 sec 8 sec 

Cr 357 .9 HCL (10) 85° 8000 2600° 1 25 <27 

60 sec 30 sec 8 sec 

Ni 232 .0 HCL (20) 85° 12000 2500° 4 100 <107 

60 sec 30 sec 8 sec 

Pb 283 .3 EDL (9) 850 5000 20000 0 .3 25 39 

60 sec 60 sec 8 sec 

1 Electrodeless discharge lamp (EDL) . Numbers in parentheses are source energy in watts . 
Hollow Cathode Lamp (HCL) . Numbers in parentheses are source current in milliamps . 

2 Average amount of metal infected giving a signal of .0044 absorbance units . 

3 At lOx scale expansion and approximately 1 chart unit ; except Ni at 3x and 2 chart units . 

r 
r 
r 
F-~ 
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tions (Anon ., 1974) . Non-resonance lines used for this opti:lization to 

estimate the magnitude of broad band molecular absorption for various 

sample types were 226 .5 (Cd), 231.6 (Ni), 282.0 (Pb) and 352 .0 (Cr) nm . 

Corrections for non-specific or broad band molecular absorption were made 

by a deuterium arc background corrector . For Cd and Pb, sample dilutions 

>a1/50 were used for quantitation, and for Cr and Ni, dilutions of 1 1/50 . 

Chemical interference was evaluated and corrected as necessary by frequent 

use of the standard additions technique and check diluttons . Mixed stan-

dard metal solutions were prepared in dilute HNO3 (BAKER ULTRER grade) by 

diluting concentrated commercial atomic absorption standards . Samples 

were quantitated by peak height comparison with bracketing standards 

injected before and after the sample . Consideration was given to temporal 

variations in instrumental sensitivity, non-linearity between bracketing 

standards and gross differences in peak shape . 

Copper, Fe and Zn were analyzed by flame AAS using a JARRELL-ASH 

Model 810 atomic absorption spectrophotometer . Analyses were carried out 

following the manufacturer's recommended procedure (Anon., 1971 ; 1972) . 

A summary of the operating parameters for these analyses is given in Table 

2 . Non-specific absorption was monitored by measuring simultaneously the 

absorbance of non-resonance line and the analytical line of the element 

of interest . A fairly lean air-acetylene flame with flow rates of circa 7 

and 2 .5 R per minute, respectively, were used for all three elements . 

Aspiration rate was generally S to 6 ml per minute . Chemical interference 

was checked by use of the standard additions technique . Mixed standards 

used were prepared as described above . 

The accuracy and precision of AAS analysis was evaluated by analyzing 

two NBS standard biological reference materials (i .e ., 41571 orchard leaves 

and 41577 bovine liver) with each digestion . The results of these analyses 



TABLE 2 

SUMMARY OF OPERATING CONDITIONS FOR FLAME ATOMIZATION ATOMIC ABSORPTION ANALYSIS 

Analytical Non-resonance Sensitivityl Average 
Element Wavelength Wavelength (ppm) Procedural 

(nm) (nm) Blank 
(ng) 

Cu 324 .7 322 .9 0.05 < 75 

Fe 248 .3 247 .3 0.07 <100 
F-' 41 

Zn 213 .9 220 .2 0.02 < 75 4 
W 

Average concentration giving a signal of .0044 absorbance units . Minimum detectable concentration was 
generally about one half of the sensitivity . 
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as compared to NBS values are given in Table 3 . These results indicate 

the AAS techniques used were acceptable . The only significant deviation 

occurred with Fe in orchard leaves . We were consistently below this NBS 

value using a variety of different batches of AA standards. We feel that 

this plant material may be resistant to complete dissolution by HIN03 :HCL04 

and are trying other digestion procedures . 

Analysis of Vanadium in Organisms 

The sensitivity for V determination by AAS analysis is very low with 

a minimum detectable quantity of > 108 ng . Instrumental neutron activation 

analysis (INAA) was prescribed by BLM in Attachment B, Contract AA550-CT6-

17 (Appendix G) in an effort to improve the sensitivity of V analysis . 

The primary difficulty that must be overcome when using INAA for V in 

marine organisms is interference from Na-24 and C1-38 background levels 

produced during irradiation . BIM prescribed the use of sulfuric acid 

tHIS04) and hydrated antimony pentoxide (HAP) as pre-irradiation chemistry 

reagents for the removal of C1 and Na, respectively, from acid digests of 

organism samples . 

These pre-irradiation chemical separations required considerable effort 

to implement in the laboratory . A method had to be developed for the syn-

thesis of HAP (Sb205 .4H20) since the sole commercial source of HAP is in 

Italy, delivery is slow and the product variable in Na affinity. Also ; 

large amounts of C1, which are very difficult to remove, are introduced 

into the samples by using HCL04 as the oxidizing agent . To keep C1 below 

the interference level in the samples, it was necessary to do separate, 

duplicate digestions of each sample for 0 analysis using hydrogen peroxide 

(H202) as an oxidizing agent (i .e ., Method 2, Attachment B, Contract AA550-

CT6-17, Appendix G) . Chlorine concentrations after this digestion proce- 



TABLE 3 

ACCURACY AND PRECISION OF ATOMIC ABSORPTION ANALYSIS 

Standard 
Reference 
Material fd 

( 
Cr 

d 
Cu 

Concentration 
weight ± 1 standard deviation) 

Fe Ni n 

Bovine liver 
(NBS No. 1577) 

This study (8) 0 .31 ± .03 0 .08 ± .01 198 ± 22 257 t 68 0 .09 ± .03 0.39 ± .09 130 ± 13 

NBS values 0 .27 ± .04 <0 .22 193 t 10 270 ± 20 <0 .22 0.34 t .08 130 t 10 

Precisioni 

This study 10 13 11 26 33 23 10 

NBS values 15 NA 5 7 NA 24 8 

Orchard Leaves 
NBS No . 15 i 

This study (8) 0 .11 t .02 2 .2 t 0 .4 12 ± 1 220 ± 40 1 .1 ± 0 .1 43 t 3 24 ± 6 

NBS values 0 .11 t .02 2 .6 ± 0 .2 12 ± 1 300 t 20 1 .3 ± 0 .2 45 ± 3 25 t 3 

Precision) 

This study 18 18 8 18 9 7 25 

NBS values 18 8 8 7 15 7 12 

i 
N 

Precision expressed as percent coefficient of variation i.e, std . dev./mean x 100 . 

2 Not certified values . 
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dure were at acceptable levels and no further treatment was required . The 

HAP procedure was modified from Girardi and Sabbioni (1968) . A batch 

method was used to remove Na from the sample digests . The HN03 :H202 digest 

of a 0 .5 to 1 g dry-weight sample was added to a 50 ml screw-top, poly-

ethylene centrifuge tube containing from 0 .1 to 0 .5 g of HAP . Enough 70% 

HId03 was added to provide a final acid concentration of about 10 N. After 

shaking for five minutes, the samples were centrifuged and the supernatant 

poured into a 50 ml teflon beaker . This step was repeated using 10 ml of 

70% HN03 . The teflon beaker contents were then evaporated to a volume 

which could conveniently be poured into a 1 .5 ml irradiation polyvial used 

by the Texas ABM University Nuclear Science Center . The vial was heat-

sealed to prevent sample loss during analysis . 

Each sample was irradiated separately for two minutes by a 1 MW TRIGA 

REACTOR . This process was facilitated by a pneumatic transport system 

which can rapidly transfer samples in and out of the reactor core . The 

sample was first placed in a secondary poly vial, together with an aluminum 

flue monitor, before being transported to the core for irradiation . Stan-

dards prepared from commercial AAS standards or pure metals were used . 

After return of the sample and a 1-minute delay, the aluminum flux 

monitor was counted by a multi-channel pulse height analyzer . After an 

appropriate delay period (usually 3-5 minutes, so that the dead time was 

< 30X), the irradiated sample was placed on as ORTEC GE (Li) detector and 

counted using a separate GEOS Quanta 4096 channel pulse height analyzer . 

After a 5-minute counting period, the spectrum was stored on magnetic tape . 

Data reduction was done using the program SEVESY (Schlueter, 1972) . 

This program calculates peak intensities and converts them to concentra-

tion by comparison with standards . Corrections were made for varying delay 

times, dead times and neutron fluxes . 
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In spite of achieving acceptable levels of Na and C1 in the sample 

digests, the average minimum detectable quantity (MDQ) for V was about 

60 ng . Many samples were below the limit of detection . This relatively 

poor sensitivity was apparently due to interference from the considerable 

remaining sample matrix. This problem was exacerbated by the fact that 

the concentration in many samples was low (i.e . < 0.3 ppm), and relatively 

large samples were required to get a sufficient amount of V for analysis . 

Another problem on a small percentage of samples was Sb carryover to the 

treated samples . Although Sb lends no direct interference to INAA deter-

urination of V, its neutron cross-section is large enough to render the 

sample sufficiently "hot" after even two minutes irradiation to increase 

the dead time to a prohibitive level . Sometimes this situation can be com-

pensated for by altering the counting geometry . In either case, the sen-

sitivity for detecting n-52 is severely reduced and most often no useable 

data derived . 

One characteristic of INAA is its capability for analyzing several 

elements from a single irradiation . Concurrent with V analysis, the con-

centrations o£ A1, Ca and Cu were determined . However, the analytical 

conditions could not be optimized for all four elements during a single 

irradiation . The sensitivity for A1 was good and the A1 concentration 

data satisfactory . However, the sensitivity for Ca was marginal and many 

of the samples were below the detection limit which was quite variable and 

often very high . The sensitivity for Cu was very poor and almost all the 

samples were below the elevated detection limit . These less-than values 

were consistent with Cu concentrations for the same samples determined 

by AAS analysis, but are of no practical use . 
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RESULTS AND DISCUSSION 

Table 4 gives the trace metals concentrations data for the six rig 

monitoring samples . To give some basis for comparison, especially for 

the species occurring in only one sample group (i .e ., either pre- or 

post-drilling) the mean trace metals concentrations for all samples of 

each species collected from the STOCS study area during 1976 are also 

given in the table . These averages were calculated using all less-than 

values at the indicated limit of detection to avoid excluding too much 

data from consideration . Consequently, the true 1976 means are lower than 

indicated values . 

This data set is of very limited use as a means of detecting changes 

in organismal trace metals concentrations as a result of drilling opera-

tions . Only three species were collected before and after rig operations, 

and only one species, Loligo peaZei (squid), occurred in both pre- and 

post-drilling sample groups . Due to seasonal variability in species com-

position of epifaunal and demersal fish populations, it is difficult to 

draw conclusions as to the effects of drilling on the trace metals content 

of the samples, but several trends are apparent (see Holland, Chapter 11 

and Wohlschlag, Chapter 12) . The species sampled are all quite mobile and 

capable of traveling considerable distances during the time the rig was 

in operation . The residence time of the organisms sampled within the 

mediate vicinity of the rig is unknown but could have been very limited . 

A few observations can be made from the data in Table 4 . The trace 

metals levels in organisms from the rig monitoring area, both before and 

after rig operation, are generally similar to levels in samples of the 

species from outside the area . Lotigo peaZei collected before and after 

drilling activity had similar trace metals concentrations . The levels in 



TABLE v 

TRACE METALS CONCENTRATIONS IN MUSCLE TISSUE FROM ORGANISMS COLLECTED BEFORE AND AFTER OIL RIG DRILLING OPERATIONS COMPARED 

TO ANNUAL MEAN CONCENTRATIONS FOR ALL SAMPLES OF THE SAME ORGANISMS COLLECTED DURING 1976 THROUGHOUT THE STO( :S STUDY AREA 

Sample Number - Concentration dry w eight! i l standard deviation) 
Species Lode or of 

Cd Cr Cu Fe N1 Pb V Zn Al Ca 
Yrar Samolea 

PRE-DRILLING 

Lollgo pealel (squid) TBH 1 1 .3 <0 .05 11 3 .6 <0 .09 <0 .03 <0 .1 SO )0 590 

1976 12 0.18i0.2U 0 .03.0 .02 13213 4.6:4 .5 0.16±0 .13 0 .1310 .10 0 .2 .0 .2 47 "_9 30 .15 4501250 

Peprllus Durtl (Dutterflah) TBJ 1 0 .02 <0 .03 1 .5 5 .4 0 .01 0.20 <0 .1 20 31 660 

1976 4 0 .0910.05 0 .032L0 .01 0 .9=0 .3 6 .311 .3 0.1310 .10 0 .0610 .06 0 .2±0 .7 1111 .4 32-9 3201210 

Trachurua latheml (rough ncad) 7'UI 1 0 .02 <0 .03 2 .0 9 .6 0 .11 0.02 23 
1976 12 0 .05:0 .07 0 .0410 .05 2 .110 .7 13 :6 .1 0 .13 :0 .10 0 .07:0 .04 0 .110 .1 21 :4 .1 20_8 710:246 

POST-DRILLING 

Lol1go ep aln! (squid) BIND 1 0 .29 0.06 22 4 .0 0.27 0.02 <0 .5 43 
1976 12 0 .18:0 .20 0 .03t0 .02 13 :13 4 .6 :4 .5 0 .1610 .13 0.1310.10 0 .2:0 .2 4739 30 .15 450:250 

Penaeus uztncua (bravo shrimp) HUGE 1 0.02 0 .07 29 2 .2 0.16 0.08 <0 .3 48 
1976 9 0 .08!0 .04 0 .04x0 .02 30 .5 3 .7 :3 .4 0 .1730 .11 0.0730.06 0.330 .2 58 :6 27 .7 960=650 

~jynclum gunt eri (shoal flounder) BUCC 1 <0 .01 <O .i :7 0 .5 4 .5 <0 .20 X0 .02 <0 .7 14 
1976 8 0 .01-0 .00 0.0510 .02 0 .7!0 .1 3.5f0.8 0 .1210 .03 0.0330.01 0.220 .1 6 .6_+3 .1 3016 690.170 

r 
I 
r 
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Penaeus crztecus (brown shrimp) and Syaciwn gzazteri (shoal flounder) 

collected only after rig operation were not significantly different from 

the mean concentrations in samples of these species collected outside 

the rig monitoring area during 1976 . 

CONCLUSIONS 

The trace metals data set reported herein is too limited fn size and 

too variable in sample composition to permit a realistic assessment of the 

possible impact which offshore oil drilling operations have on the trace 

metals concentrations in organisms living in the immediate vicinity of the 

rig . Keeping these limitations in mind, the data set suggests that drill-

ing operations have no effect on the concentrations of trace metals in 

organisms in the mediate vicinity . 
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APPENDIX A 

HYDROGRAPHIC DATA 

Calibrated and computed hydrographic variables are presented in the fol-

lowing tables . Depth is is meters, temperature (TEMP) is in degrees 

centigrade, salinity (SALIN) is in parts per thousand, Sigma-t is defined 

by (density -1) x 103 in gm/cm3, specific volume anomaly (SVA) is in 

cm3/gm, the dynamic height anomaly (DLTA D) is in dynamic-centimeters, 

the potential energy anomaly (POT EN) is in gm m 2 (sec 2) the speed of 

sound (SOUND VEL) is in m/sec, and the Brunt-Vaisala frequency (BO FRQ) 

is in cycles/hour . 



HYOROGHAPHIC CAST DATA VkE VRILLING OS 
9/ 25/7b 114 CST SAMPLE CODE ATAA 

DEPTH TEMP SATIN SIGMA SVA OLTA POT SOUND 8V 
T u EN VEL FRO 

,3 24,43 33 .22 20 .94 6P4 .5 0 .00 0,00 154096 R's 
3 .4 28,43 33 .22 20 .94 685 .0 .23 .0A 1540 .7 42 .9 
6 .2 2e .33 33 .29 21 .02 677 .1 .42 .0t 1540 .6 42 .9 

11 .5 28 .33 33 .29 21 .2 677 .4 .78 ,05 1540 .7 0 .0 
16 .8 29 .33 33 .2b 21 .r+2 677 .7 t .lu. .1o 1540,7 73 .3 
22 .1 28 .33 33 .90 21 .48 633 .8 1 .49 .17 1501 .5 115 .4 
27,2 2 .23 34,72 22 .13 571 .6 t .80 .24 i542 .2 88,9 
32 .9 28 .23 34 .72 22 .13 572 .0 2 .12 .34 i542 .3 e .e 



TEMPERATURE (QEG . G .) X 
3AlINIrY iPPTl O 
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MYDKUGH4PMIC CASE DA14 PkE URIILING N" 1dNd 
y/ 25/7b 15de CST 5aMNLE CODE ATCO 

UEPtM TEMP bALIN SIGMA SSA ULTA PUT SOUND BV 
f U EN VEL FRO 

b .e 28 .4z 33 .51 21 .l6 6e3 .3 0 .0e 0 .00 154e,9 133.6 
5 .5 27 .33 34 .49 21 .95 588,1 .3u .01 1539 .2 118 .1 
10 .7 26 .86 34 .45 22 .37 S47 .q .b4 .03 1538 .7 9b .1 
15 .9 26 .49 34 .74 22 .71 S15 .9 .91 .167 1538,2 89 .6 
21 .9 2e .e7 35 .46 23 .e9 479,o 1 .21 .13 1537 .8 138 .1 
27 .d 25 .7H 3b .bd 24 .3b 359 .2 1 .43 .18 1538 .7 124.1 
32 .8 25 .19 30 .31 24 .30 365 .1 1 .b4 .25 1537 .3 57 .8 
32 .9 25 .18 3b .32 24 .31, 364 .5 1 .b4 .25 1537 .3 89,2 

MYuRUGKAPMIC CAST BATA Pkt UWILLING E- 1d00 
y/ Lb/la 1240 CST SAMNLt CUUt ATFS 

UEN1M TEMP 5ALiN SIGMA SVA OLTA POT SOUND aV 
T u Erg VEL fK0 

d .d Z6 .35 33 .56 21 .22 o57 .5 a .aH 4 .44 1540 .8 104,3 
8 .6 27,12 3a .d3 zl .4e 5ee .e .S3 .ao. 153n .7 117 .8 

13 .4 26 .33 34 .57 22 .63 523 .o .80 .45 1537 .6 117 .3 
216 .0 25 .38 3x .93 23 .20 yb9 .7 1 .13 .11 153e .0 ld2 .8 
2b .5 2u,45 35 .29 23 .75 417 .3 1 .42 .16 1534 .3 12b .4 
31 .9 2S .53 S6 .39 24 .86 311 .4 1 .65 .25 1533 .4 146 .4 



TEMPERATURE cOEG . C .1 X 
SALSNITY (P°T) O 
SIG"q-T e 
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PRE GRILLING N-1000 9 /25/76 1500 CST 



TEnpERpTuRE co~G, . c .1 x 
SALINITY (PFT) O 
IG"9-T e . 

C 15 ~C ~~ 3'~ 3~' 4~ 
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o a~ 
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PRA DRILLING E-1000 9 /26/76 124C CST 



NYUK06HAPMIC CAST DATA PWL DRILLING S-14040 
9/ 27/7b 1430 CST SAMPLE CUUE ATIS 

DEPTH HEMP 8AL1N SIGMA SVA VITA PUT SOUND ov 
T u EN vEL FRO 

e .0 28 .76 33 .27 24 .87 691 .3 0 .00 0 .00 1541 .4 86 .7 
bob 28 .32 33 .61 21 .27 653 .5 .44 .dl 1540,9 92 .0 

12 .1 27 .86 33 .97 21 .b9 613 .8 .79 .05 1540,4 91 .E 
19 .5 27 .37 34,35 22 .13 571 .5 1 .23, .12 1539 .8 103 .~ 
-e4 .4 27 .e5 34 .94 22 .66 518 .9 1 .5e .18 1539,9 123 .0 
316 .4 2b .75 35 .87 23 .47 443 .7 1 .79 .26 i540 .3 id9.8 
32 .9 2b .59 36 .e0 23 .b2 429 .5 1 .90 .29 1544 .1 86 .2 

MYOkUGKAPMIC CASE DATA PRE DRILLING a-lddO 
9/ ZS/7b Idd CST SAMPLE CODE AiLS 

UtPTM TEMP SALIN SIGMA SVA OITA POT SOUND bV 
t u EN vEL fKu 

Wed 27,97 33 .+8 21 .29 651 .4 N .Nb dead 1539,9 110 .9 
7 .ti 21 .31 Sy .IS 21 .96 Sb5 .4 .43 .dl 1539 .E 147 .9 

11 .7 27 .17 s4,e1 22 .40 545 .7 .71m .04 1539 .5 121 .3 
17 .1 26 .70 35 .46 23 .1o 469,1 ,47 .48 1539 .6 121 .9 
22 .2 20 .1 312 .92 z3 .67 424 .9 l .?.d .13 1539 .1 106.3 
11 .7 2S .64 36 .39 24 .17 377 .3 1 .42 .13 1534 .7 62 .d 
32 .9 25 .25 S6 .29 24,2o 3e8 .8 1 .62 .24 1537 .11 40 .6 





?EMpERRTLRE (D%r-G . C-1 
SAL :NITY (P?T) (D 
~IGnQ-T e 
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0 0n 
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PRA GRILLING a-100C 9 /25/?6 700 CST 



MYURUGRAPkIC_CAST nAT A -RIG MUNITURTWG SE6E-mFNT i~LUMF 
1/ T/77 1 62 : CS T SAMPLE CODE *,ZUJ _ 

OFPTM TAMP SALIN SIaMI'. . SV A 
--- 

ULTa 
---- - 

POT 
- 

Sf1twD bV 
r a EN VEI FRO 

0.0 4 . 8 3 ̀.1Q ?6,t2 110 .4 J .u0 ~ .p- - -15%;F,9 111,'3 
3.0 14,77 35 48 ?6_41 162,7 �,5 15 7 3 7q 4 
5, 1 14 . 35, 47 ?.~+, ~~2 162.T , 3 q .4~ 15i~7, 3 b .i a 
7,8 14,77 35 , 69 p6 57 147,7 ,1 3 ,0,; 157_6 3p .6 

10 .0 14 . 66 35 .60 26,4 155.9 ,16 ,01 15(i7,9 
12.5 15 ,16 35, 52 ?h:36 168,4 ,<0 ,yl 15 ;8 .7 
15~ 15.35 35,3~5 .1~ 17,2 .2~ --- .U2 159'-"2 
78 , 1 15 .75 36, 8 26 . 65 140.4 ,30 ,33 1 511,3 102,A 
an .8 16,?4 36,16 ?6_61 i45 .u .34 , ;~4 1513,0 
73 .5 16 .94 36,33 26 , 57 144, 7 ,3H , ;4 1515 .3 
76 .3 17,3 36,2 26,4 1 .8 . .42 ,u6 1515,6 a,n 
;p 6 . 5 1,7 .13 36,16_ 26,_39_ 1 65.,7 ,42 , ._ ,u0 1515,8 

w 



Tin?ERATURE (OEG . C .l X 
SALINITY (PPT) J 
SiGnA-T o 

10 15 20 25 30 35 10 
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RIG MONITORING SEDEnENT PLUME 1 /7 /77 1620 CST 



-KYDR-~RAPHIC CAST nATA ~ SIG MOITORIrJG -- N-jt,flo 
1 / 14/77 14P- CST SAMPLE Ct1DE AZVA 

TN TtMN SALIN SIr. HA SVA LTA PO T SOUND 
T~ U EN VEl FPO 

--4-Z- ---T3:l.l.__34~:74 .. _~Z5,73. . 227 .5 b.00 
s 

ob 
a~_ 

--TSon.7-- 0 ._ ~+, 
3.0 13 .14 34,12 25 .71 

_ 
229,8 ,07 t51i.3 _ .0, n ----6 .t~- - . ._13 .15 34,11 . ..25,7 ;: 23C,5 .14 .GO 1500 .4 19,,. 

9,c 13 .19 34,16 25,72 22,3 .21 .01 155 ;,6 59,5 
13 . 42 tTT-~ 34 .41 '-"25 . - -'- T-, ~, 2 5-1 .7 1 n 

i5, p 13 .51 3A,54 ;,5 A6 2o6,3 034 .-3 15 ;2 .2 49, ----~8~o - -_--1_3-7-!,, . 340 53" _ 25 .99 _ 2p3,4 ,40 ,04 
1 - 

1~5g 3,0-28,A 
21 .0 13 .96 34 .72 ?6,90 22,7 ,46 "b 1524,0 19,8 

--24-~t --74:11 34 .77 26 .01 2n1 .8 .52 .r,6 .15o a .6-1ts ;5-- 
P7,c 14 .21 34,9 26 .p i 2o ),6 ,58 a 155,1 11,4 

-- 
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HYUpUGFAPH1C BAST nA7A RIG MUiv1TORTNG - - E-IX00 
1/14 177 1 44 CST SAMPLE CEDE AZVD 

pFPTH TEMP 5A(.IN $InMA SVA 
-- 

LTA 
-- -- 

POT SO UN'0 eV 
u EN VEi . FpO 

o .G X331 34.2~5,79~~21,6 C .uo n.o~~ 15~1,o P,1 
3 .0 13 .37 34 .29 25 .79 221 .8 .t17 . . - 15 ;j .3 11 . 8 
6 .0 13 .5 34 .32 25,9u 221.4 .13 ,00 B~1---3-2-.? 
9,0 13 .55 34,41 25 , 84 217 .0 .2 1 . 5 1 152 1 02 . 1 
12 .1~ 13 .7 6 20-3 .7 34,6 25,98 ,26 ,U2 15,3 .2 1 .3 
15 .0 13 .99 34 .8 26 :i9 1 93 .7 .32 

- 
-._~2 15 ; 4 . 2 53 . ? 

18 .0 14 .20 34,4~26,12 190 " 8 .3~ .a3 15~S,0 1,4 
21 .0 14,33 

4~--~4 
35,00 26 14 

---35;pb 2e."t-6- 
189,3 
IHT,4 

,44 
,44 

~_ OS- 
,66 

15 ~5-&6 27 4 
6,l `3~;2 1 

27,G 14,70 35,2G 26 .?i 1~2, e .55 ,a7 157,1 y5,a 



TEMPERFiTiI :,E i DE' ; . C . 1 
SALINITY (P°T? ,^_',: 
S?~~19-T o 
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-HYURBGRAPNIC ~CAST"6ATA " RIB MUNITUHING -- S_1~00 
CST SAMPLE CEDE AZ VG 

DFPTM TEMP . $ALIN S tW4A gVA` .ULTA _ POT S(,Itj mD bv 
T u EN VEI, FRO 

o 0 U- 0 
0 

0 1 .4 f! 
3 .o 13.45 34 .35 25, g2 21,) :l . G7 .00 15tt1, 6 13 .6 60 .49 -34038---?5.83 217.9 .13 .oo e .~--
9.u 13 .57 34,41 ?5,85 216.9 ,2~J ,51 15 2 .2 71, h 

12 .a 13* 7b 34 . 26, .19
.5. 

1---- .c;2 15n .3,3 05, . . 
15 .0 14 .~~4 34,81 ?6 .~5 ._.__1_97,5 ,32 ,~2 15 .14,3 26,6 
t~.G Y14,23~4;1w--?6,11 192,U ,3y ,0 

3_ . i5''c,.i3, 

21 .0 14,2 30,94 P6,Tj 192,5 ,43 ,~)5 15!i5,4 27,x, 
24:0 T4.~~ 3 .01 - ?6,t5 - 1887 ,49 --~i~6---1~

;~S .Ti4l'A ~7 .(} 14 .55 35,13 ?6 . . T9 . 184,6 _ . 1 55 ,(? 7 15 ;7,6 .6 4? .3 





a 
APHIC ~AST nATA - -RIG MONITo kTKG = = W-1000 
l/14/77 t 33~ CST SAMPLE CnOE aZ VJ 

DFPTM TEMP SALIN SIsMA . SSA LTA PUT SOUND bV 
T U EN VEL FPO 

0 .0 3.~797 -~5.~~~T.-O x .00 n.0'. lTq9,'~ 1 208 
3. 0 13 .n2 33,9y 75,63 237,0 ,j7 , ~ :~ 1 499,7 33, 4 
6 .0 13 .9 2 34,p~5,68 ,3 _ ,14 .0 .' 14q9~,3 
9,~ 13 .16 34,14 25,69 231 .E .21 gill 15iy � ,4 67,E 
12 .0 4, ? S . 40 ~ ---~2 '0 15 60 . 8 
iS,0 13.7 34,67 p6 .00 201 .9 ,34 ,;; 3 15 ;3,3 5 1 .E 
18-3-13.43 347 Q3 - 19`~.~_ ~a1l, .u4 153.9 4-3,6 
21 .0 14,1 34, 99 26 19 193,3 ,46 ,n5 15 ;4 .8 31 . T 
24 .u 14 4 . 0 

_ 
3~,~?~`a8_- ~~5;V- ,52- -- *0~5. 0 .0 
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RuGr.-AP-HIC BAST nkTA POST H16 MOni . -Upl~l. SIT 
2/2A/77 i Sp'- CST SAMPLE Cnf)E Kr)CA 

DEPTH TtMP SALIN SIr,MA SSA ULTA POT SOti.mU yV 
u EN vEt. 

Q .G ~~:77 X3;93 24:3 7 j 7,~ ~A-,7 
208 15015 33 . ;i4 24 .45 349,1 . 1 o . ~ 15_iS, 5 87 . 4 

-;14'-:-r-13 --337-, 3 
. 

.21) 
_ . . . 

. i 1-~ : 5~+ ~-5~+ . 0 
8,4 15 .12 33,22 24,60 335,7 ,29 , ;yl 15%;5, 7 Sp,7 

11 . 15 .1u 1 . 24, 1~2'~.3 3~ .)2 155,9 4 .5 
74 .4 I5, 9 33,58 24 . Hb 31() .4 .49 .C 4 1 5n6 ,5 99,7 
17,7 15 .37 1 4, n~25, 71 217 . 1 .5`~- -- . ,5 157, 7 1 7 1 .7, 
X1 " 1 10 .15 35 .94 X6, 46 15 .9 .ob ~~ ~ 15 12 .5 155 .9 
24 .1 lb,23 j-~- Z6,5 4 151.2 

. 
.71 

--- 
.~q -1 9 10.4 

27 .2 16 .4 36,13 26,46 15 .9 .75 ,-y 1513 .5 0 . 0 
1001.1 16 .6 3 .3 b 26 .45 160 .4 . ~i 7 . 1 ' 151 4-1 T3, a 
12 .9 16 .5a 36,20 ?6,55 15 .5 .64 ,12 1 5 4,3 67,7 



TEMPERATURE .c OEG " C-1 x 
SRLINITY (PPT) O 
IGf1R-T e i 

10 !6 20 2 5 30 3b 4G f 



H YIIRUT-RARHIC---CAST~nnTA PAST RIIi mom, N-lOpn---- --- 
2/2 R/77 1 14a CST SAMPLE CnDE ARC H 

DFPTM TE4P SALIN SIc:~tA SV A . ULTA - ._ ._ POT 5(?IIND bV U 
EN VEl F Rq 

0.0-T5.3~ 33.T+~~v=4~- ~~5,9 O,pq 0.00 15n6,3 0 "0 
3 .2 15 .18 33,o4 24,45 349,6 ,11 ,Q p 1 55 6 59021 

5 . 33,2? 24 .f, .) ~~1 i5 5n~"?p 8,7 15 .1 33,40 24 , 72 323,9 ,3,; ,1-11 15n6 . 2 58 
11 .3 5 .2 *4 . 1 .~-- .38 ,,12 1 i6, ?,3 
14 .1 15 .37 33,49 24,76 319 .9 .47 ,~;3 15 6,7 9 
1 . 15 .3 34,1' 2 S,~~-274-~ 0 -._ _ ~ ~T- -- 0 i+ s-152 7,5 15-4, j 
2 0 .8 15 .31 3,55 Z6,72 19,3 .65 ,U6 152.5 149 ,7 
?3 .8 16.~1 3~,4J ~2~=39 1.b5 .7 .7~~ - ----.~i~l5jTq T,4 
26 .9 16,51 35,9S ?h, 4 .., 164 :6 , "l5 ,,;9 1513 . 7 0 .0 
14 0 .v 16 .62 35 . 90 ?6,1'~ 1 4-,T ~ , 1 .11 1514 .0 9 .6 
12 .9 16 .62 3h, j 6 26 .44 __ 161 . 5_ 12 1514, 2 7S .~ 
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HYDkUGPiiP1yIC CAST nATA POST kI(i MOn~ . E-1 
I 
Ot~ 

2/ 28177 131 CST SAMPLE CnDE HI) CJ 

OFPTH TEMP SnLIN SIn l " c, Spa ULTa POT SCUNiO by 
-- T --- -- ------ ----u- 

E N V E l. F R ja 

0 .4 15 .4 33~vb_. ..2a
.~.t 352,9 d9 - 

00 
, . . . .__-- 
0 " 00 

---.--- 
15n6,3 

---- . 
149,E 

? .5 14 .91 
-- 

33,5 24,86 31C .4 .18 
5-4 14 .92 33 .52 24,87 30,4 ,17 ,Qp 15 .5,4 21,5 
8 .5 14 .3 33 .54 2 4 .8+ 318,4 

- 
.27 

- 
155 .5 92 .7 

11 .c 15 .04 34, 71 .5 .?2 276 . 3 .34 ,92 1516,5 
74 .4 15 .Qb 34 .12 25 .1 . 269,6 .44 " Q3 15 6 ~? 5?,~ ----- 
i7 .1 

-_ _ 
15 .07 14 .23 - -- ;-5 .3b - 261,1 .51 

-- . 
.04 

- . W- 
156,9 

_ ._ - 
153,Q 

- -=O .b -_16 .-08 - 3'13 --26 ..62 143 .7 .58 .Q6 _. 15~2~5 139_,4 
X3.4 16 .29 36 .^5 X6 .51 15'+ .1 .6z ,Q7 1513 .1 21 .E 
26 . 6 16 .3 )_ 3 " 2 5 -.9_0`'~.6b__ ._ 14o .2 _ .6 7 ----~-Q9_ 153_4 45 .7 
29 .8 16 .52 30', .26 26 .0+2 . 14 .1 .71 ,99 1514,1 0 .0 

- ------ 32 .9- --16 ..63 -36 " 19-- - 26 .54 152 .G .76 ,11_ .._ 15161-4- ---Q .Q 
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HYURUGFaPHIC~AST nAT4 --POST kIG MUrj " S-lOpn --- ----~ 
2/2Ki7 7 1?4c. CST SAMPLE CnUE 6DCL 

DFPTM TEMP SALIN SIrr-In ~gva uLTa POT Soim0 dv 
t u EN VFL F RQ 

000 T~.21 33 .3e. - 24,42 X51,6 j ;Uj ,,fl : 15';5,6 105,4 
2 .9 14 .73 33,22 327 .1 24,68 .17 - .~_~_- 15%4 4 99 

6 44 
. 

7 30~ b +~ 5 Q S .b 14 . 5 3 . 24 . , .1 .~1 1 n4 
8,6 14,78 33,58 ?4,Q5 301 9 .28 . 1 15 ;5 . 1 
1101 1 4 . 9 o 33 .71 Z5 .03 .~ 1 n5, 0 4 .q 
i4 .3 14,8 2 33,95 25 .1-5 23,3 ,44 , ;3 15 ;5,6 11,5 
17 ,6 15 .15 34 .72 Z5.75 2 2b " 4 .53 ---.u5 157,8 1 5,7 

.9 15 . ~8 _ 3b .30 Z6, HO . 
-- 

127 . ,-) .59 . .;6 
- 

15i2,1- 132 ._7 
~ X3 .7 16 .1t 36.25 26.70 135,8 ,b3 0 .17 151'? .7 O .q 

57,ti 16 .3 36 .1 26 .50 155, E ,68 , :;e 1513 .9 0 .0 
29,3 16 .54 '36,23 :26,59 14 b .9 . ,71 .i~4 151-4,1 47,5 
12 .9 16 .57 36,20 26 .r,6 1 50 .1 .76 .1 15j4,2 O .D 
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HYtiRUGRAPHIfBAST RATA HOST kIG AUN . w-t nO(! 
2i28i7T t,- ;c-; CST SAMPLE CnOE +Ar)CN 

OFPTH TE!~IH SALIN SIn Fl^ SSA OI.TA POT SOUND tJV 
T u EN VFL FPO 

- - - -- o --- .0 1 -3 3 24 --- 48 -- -346 5 O .oi ; f 0~ 0 .0 
15si3 32 :96 24 :42 352 :4 0-38 : 15 ;5 .0 79 .4 

5 ~o 14*77 33 . 32 24 .715 321 .2 .17 � ~ 15j4 .7- -~4.a -- 
7 .9 14 .93 33 .32 24,71 324 .3 .27 .~0 15%,5 .2 11. E 
.4 5 .46 33 . :) 1 24 .75 3 21 .3 .35 . ;,2 15 .1%7,2 0,0 

i3 .3 15 .52 33,42 24 .66 32 .3 .44 .i,3 1517 3 bb s 7 
----i7.3 1~5.9 3 34 . nT 25, p7 291 , 1 .57 

_ _ 
lSn9~ S4, t 

9 
--- 

16_.y2 
- 

35 .7Q. 2h .0'~ 194 .3 .66 .~7 151 ~5 - 1 07 .5- 
;,3 .5 i!- 36 35 .5t 7S .R4 218.2 .71 . :,~ 1515 .6 13 .4 
X7 .2 17 .5 6 3r,D5 P6,70 - 1_83,5_ _ ..7~ __ _,IQ 151 5 .9 72,9 
~p .6 17 .75 3b~ ~6 .i6 ld7,d ,t35 .12 

. 
1517,5 

32 .9 17 .87 36, 35 26 . i 3 190,7 .dg .13 . __1517,9 _ 0 ..0 
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IN SEDIMENT 

Table of Contents Page 

Table 1 Sediment High-Molecular-Weight Hydrocarbon B-2 
GLC Analyses . Presented as Tables 1 .1 
through 1 .14 

Figure 1 Distribution of n-Alkanes and Odd-Even B-15 
Preference Iadice (OEP) Values . Presented 
as Figures 1 .1 through 1 .14 



B-2 

TABLE 1 .1 

HEAVY HYDROCARBON ANALYSIS " STOCS " 1976 

SAMPLE TYPE i 5E0 
SAMPLE CODE i ATAJ - (D .S .) PERIOD i PRE-RIG 
LOCATION : STATION " 1 LINE -RIG 

HEXANE EIUATE BENZENE ELuATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG ./G .) INDEX (UG ./G .) 

1600 .85318 2143 .08981 
1670 .01060 2386 .02990 
17ae .e290e 2623 .03270 
1780 .00728 2792 .8549e 
1840 .05360 3027 .2678a 
1900 .04410 3218 .11300 
2008 .02130 3282 .11900 
2e73 .15800 3345 .84101d 
2100 .1270 3409 .12900 
2144 .06050 3445 .d4780 
2200 .02960 3736 1 .6600 
2308 .04388 
2409 .83430 
2580 .08870 
2600 .46120 
27aa .189Be 
tae .abase 
2980 .x0300 
3(D00 .10300 
3iaa .522ae 
32160 10700 
3300 .z7se0 
3345 .83460 
3400 .323e0 
3455 .17480 
3527 .09180 , 

TOTAL 3 .81098 TONAL 2 .58418 
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TABLE 1 .2 

HEAVE HYDROCARBON ANALYSIS " 8TOCS - 1976 

SAMPLE TYPE z SEO 
SAMPLE CODE : aTCw- (N-1000) PERIOD : PRE-RIG LOCATION : STATION "38 LINE -RIG 

HEXANE ELUaTE BENZENE ELUaTE 

RETENTION CONCENTRATION RETENTION CONCENTRATION INDEX (UG,/G,) INDEX (UG,/G,) 

16e0 .e3478 2147 .e1e50 1670 .00770 21614 .01700 1708 .82440 2247 .01570 1788 ,8e250 2652 .e614e 18iae ,03438 2756 .0322e 19e0 .01450 2770 .2378 2800 .03148 2858 .02090 2047 ,21109 2925 .81440 
21dO .83060 2992 ,161960 215 ,16000 3067 ,21800 2200 .80830 3358 .03788 2300 .02380 
2488 .01230 
2500 ,05120 
2600 .82430 
2700 ,08710 
2880 .03830 
2900 115400 
3400 .02080 
3180 .ilu0e 
3204 .88660 
3308 .83360 

TOTAL 1 .11740 TOTAL ,47129 
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TABLE 1.3 

HEAVY HYDROCARBON ANALYSIS - STOCS - 1976 

SAMPLE TYPE s SEU 
SAMPLE CODE : ATGA- (E-000) PERIOD ; PRE-RIG 
LOCATION t STATION " 32 LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
I'VOEX (UG./G.) INDEX (UG./G.) 

1600 .03880 1573 .01920 
1670 ,92080 1627 .03870 
1780 .03570 1788 .02580 
1780 ,88450 18@W .0180 
1808 .03820 1933 .01490 
1908 .02080 2173 .07060 
2000 .02810 2659 .04830 
2947 .09490 2763 .02800 
2065 .01460 2867 .02210 
2100 .82580 3075 .21980 
2131 .00820 3367 .85840 
2200 .60230 
2380 .82050 
2408 ,00900 
2500 .83480 
2600 ,e2300 
2780 .06310 
2880 .01200 
2988 .11900 
3008 .81640 
310 .88910 
3200 .00450 
3308 .82890 

TOTAL .73626 TOTAL .5557 
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TABLE 1.4 

HEAVY HYDROCARBON ANALYSIS - $TOCS " 1976 

SAMPLE TYPE : SEA 
SAMPLE CODE t ATMA - (W-1000) PERIOD t PRE-RIG 
LOCATION s STATION " 36 LICE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG ./G .) INDEX (UG,/G,) 

1600 .82330 1928 ,0560 
1673 .80980 2240 .01020 
170 ,01710 2444 ,88n20 
1790 ,00120 2659 .05100 
1880 .01530 2763 ,82960 
1868 ,8610 2867 .05530 
1901 ,08780 3075 .30708 
1953 000680 3317 .02030 
2000 ,01880 3358 .82558 
2047 ,0u85a 
2108 ,A8940 
2158 .04870 
2200 900330 
2300 ,ei2ea 
24140 ,00810 
2SaO .e37ge 
2600 ,01230 
2700 .05590 
2848 .01718 
2988 .201b0 
3000 ,01978 
3100 ,30100 
320 .W1750 
3300 .13700 

TOTAL 1 .02679 TOTAL ,50870 
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TABLE 1 .5 

HEAVY HYDROCARBON ANALYSIS - STOCS - 1976 

SAMPLE TYPE S SED 
SAMPLE CUOE 2 ATOU - (W-1000) PERIOD 2 PRE-RIG 
LOCATION s STATION -3a LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG,/G .) INDEX (UG ./G .) 

1600 .03740 2160 .08850 
1670 .08420 2333 .08750 
1708 .01478 2585 .08700 
1780 .80280 2662 .x1850 
1800 .01710 2908 .00900 
1900 ,01030 3000 .01070 
1953 .80370 3075 .04600 
2000 .00990 46016 .19300 
2047 .03580 
Zlaa .maze 
2154 .e2730 
2200 .00350 
2300 .00830 
2440 ,0049 
2500 .02200 
2600 .00320 
2748 .0u41d 
2808 .01260 
2900 .08470 
3400 .01810 
3104 .08310 
3208 .80228 
3300 .e2780 

TOTAL .47910 TOTAL .38020 
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TABLE 1 .6 

HEAVY HYDROCARBON ANALYSIS - 3TOC3 - 1976 

SAMPLE TYPE t SEO 
SAMPLE CODE ! 4TRA - (W-1000) PERIOD : PRE-RIG 
LOCATION t STATION " 36 LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG ./G,) INDEX (UG,/G .) 

16ee ,01180 2327 .0875 
1670 .00530 2654 ,02290 
1700 .02400 2900 .02550 
1780 ,8e2e0 2992 .82268 
1880 ,02890 3067 .05870 
19e16 ,eiibe 3892 .050e13 
2000 100980 3208 000630 
2048 ,03280 3333 .81720 
2140 .00980 
2155 .02708 
2208 .08250 
2300 .01180 
2400 ,68430 
2508 ,03144 
260b .0A9u0 
2700 .05770 
2848 .01278 
290e .e990e 
3000 ,08710 
3100 011000 
3200 .e0sad 
3300 .03150 

TOTAL .53740 TOTAL .2170 
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TABLE 1 .7 

HEAVY HYDROCARBON ANALYSIS " STOCS - 1976 

SAMPLE TYPE t 3ED 
SAMPLE CODE s ATJA . (5-1000) PERIOD : PRE-RIG 
LOCATION t STATION "34 LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG./G,) INDEX (UG ./G.) 

1608 .82458 2004 .80360 
167 .00660 2154 .2808 
1708 ,01590 2425 .01530 
1788 ,80230 2648 .03228 
1800 .01610 2762 .82880 
1908 .81870 2834 ,80710 
1953 ,88680 3828 .05250 
2a00 ,81200 3354 .01890 
2ao7 .as038 
2iae .eiiae 
2153 .82740 
2280 ,80288 
2380 ,81180 
2408 ,80598 
2500 , 02138 
2600 ,81510 
270 ,04890 
288 ,81218 
2960 .levee 
3000 ,81300 
3100 .11880 
3280 .00200 
3388 ,8qi38 

TOTAL .57229 TOTAL .17838 
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TABLE 1.8 

HEAVY HYDROCARBON ANALYSIS " STOC3 . 1976 

SAMPLE TYPE s SEA 
SAMPLE CODE s BDEV (DS) PERIOD s POST-RIG 
LOCATION s STATION " 1 LINE -RIG 

HEXANE ELUATE BENZENE EI.UATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG,/G .) INDEX (UG,/G .) 

1bo8 ,80480 2198 .@g11@ 
1670 .0e3ee 2231 .eeee0 
170e .0860e 23e9 11061113 
1784 .e0230 2563 .0e130 
1898 .88590 2753 .80110 
1868 .08300 2816 .00110 
1900 ,80560 2958 ,8816 
1984 ,08198 3026 .08410 
20 ;ee .60e0 3147 .e016e 
21654 .0e740 3274 00140 
2116a ,ee50e 3436 .0e29e 
2147 .00890 
2200 .0330 
2388 .00730 
2400 ,08550 
25aa ,ei3le 
2684 ,BA850 
2704 ,8310 
2800 .01180 
2900 .05820 
3800 .8188A 
3iea ,85z00 
3aad .00540 
3258 .eeiee 
3390 .e222e 

TOTAL .27778 TOTAL ,01810 
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TABLE 1 .9 

HEAVY HYDROCARBON ANALYSIS . 3TOC3 . 1976 

SAMPLE TYPE s SEA 
SAMPLE CODE i 9DS1 (DS) PERIOD i POST-RIG 
LOCATION i STATION " i LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG,/G .) INDEX (UG./G.) 

1304 ,00238 2092 .68210 
1356 .00180 2106 .06 1913 
1400 .08830 2148 .80358 
1447 .0250 2401 .00330 
1580 .8129fd 2525 .00150 
1640 .01470 2614 .00220 
1627 .80478 2980 .8025 
1670 .01270 3845 .00290 
170 .81760 3274 .0d34d 
178 .00690 3464 .00220 
1800 .01578 
1863 .00608 
1900 .01520 
Zb00 .00478 
2+55 *08270 
2100 .88458 
2151 ,00210 
2200 .00360 
2300 .0410 
2400 .08250 
2580 ,88a1A 
260e .88240 
270 .08670 
2800 .00260 
2900 .1090 
3000 ,00320 
3100 101090 
3296 090169 
3380 .aesye 
TOTAL .19338 TOTAL .A2558 
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TABLE 1 .10 

HEAVY HYDROCARBON ANALYSIS " STOCS " 1976 

SAMPLE TYPE : 3ED 
SAMPLE C00£ : 9QST (Dg) PERIOD : POST-RIG 
LOCATION i STATION " 1 LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG./G.) INDEX (UG./G .) 

1308 .01820 1996 .00730 
1370 ,e204e 2106 .0e840 
1408 .06780 2283 .80580 
1447 .02040 2485 .e11b10 
1580 .12000 2516 .0058 
1558 .61130 2774 .80730 
1600 .13200 2934 ,80580 
1659 ,01870 3063 ,00390 
1670 .07120 
1700 .11480 
1704 .0075 
1716 .01070 
1798 ,03870 
1840 .09660 
1866 ,02950 
1900 ,08720 
20010 ,85250 
2100 .01680 
2208 .08630 
2300 ,0660 
2480 .80950 
2580 .00810 
2688 ,81290 
2700 ,01290 
2800 .81168 
2988 ,82320 
3008 .01448 
3100 .02099 

TOTAL 1 .05110 TOTAL .06040 
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TABLE 1 .11 

HEAVY HYDROCARBON ANALYSIS " STOCS " 1976 

SAMPLE TYPE s SED 
SAMPLE CODE t 6DNP -(N-1000) PERIOD : POST-RIG 
LOCATION : STATION "30 LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG,/G .) INDEX (UG ./G .) 

1540 ,80268 1776 .fd08e0 
1684 ,00310 1859 ,00790 
1670 ,00594 2882 .00430 
1700 ,01301 2203 .00470 
1780 ,08270 2406 .08430 
188 .0668 2433 .00380 
1864 ,00580 2645 .01340 
1900 .00400 2761 ,00590 
1941 .00580 2844 ,08800 
1981 ,00520 2913 .00590 
2008 .0168 2977 .00800 
2054 ,00798 3040 .02750 
21e0 .ee46e 3174 .0e730 
2141 .8213e 3294 .01128 
2280 ,88230 
2300 .0b438 
2400 .00260 
25aa ,00390 
2600 ,001110 
27ad .81250 
2800 ,00780 
2900 ,A2390 
388 ,a8510 
3180 .02390 
3280 .00288 
3308 .81860 
3456 ,01150 
3605 ,A0688 

TOTAL .21148 TOTAL .12020 
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TABLE 1 .12 

HEAVY HYDROCARBON ANALYSIS " STOCS " 1976 

SAMPLE TYPE s SEO 
SAMPLE CODE s BDTO" (E"1000) PERIOD : POST-RIG 
LOCATION : STATION "32 LINE -RIG 

HEXANE EQUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG ./G.) INDEX (UG ./G .) 

1500 .08070 1959 ,01880 
1680 ,88871 2084 .01060 
1670 .00080 2138 .01060 
1740 ,00128 2190 ,0750 
1780 .00030 2299 .01580 
1800 ,80880 2429 ,80970 
1863 .0009 2631 .03498 
1900 ,0060 2733 .02428 
1940 .80050 2831 .0229 
1986 ,01860 2958 .01270 
2000 ,00028 3026 ,84338 
2054 ,00200 3277 .01530 
2184 .00878 3605 ,01530 
2144 .0034fd 
2208 .00030 
238+ .88060 
2408 ,(d0B40 
25ao ,80110 
26ad 4160060 
2700 ,00220 
z8ae .reei00 
2900 ,00358 
3800 .08888 
3108 ,80330 
3208 .0fd050 
3300 ,8160 
300 .00148 
3500 ,0eiie 

TOTAL .03180 TOTAL .25160 
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TABLE 1 .13 

HEAVY HYDROCARBON ANALYSIS - $TOCB " 1976 

SAMPLE TYPE : SED 
SAMPLE CODE s BDwA " (5-1000) PERIOD : POST-RIG 
LOCATION : STATION "3u LINE -RIG 

HEXANE ELUATE BENZENE ELUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG,/G,) INDEX (UG./G.) 

148 ,08350 2060 ,00190 
1500 .80770 2198 ,00150 
1688 .88650 2227 ,00230 
1670 ,81680 2399 ,002e0 
17-00 ,00944 220 .08280 
178 ,80260 2620 ,8066 
1800 ,00970 2753 .08610 
1864 ,00888 2973 .00370 
1900 ,88548 3055 ,00410 
1977 .80240 3169 .00250 
2000 .80100 3355 ,00330 
2051 .8864e 3443 ,00570 
21@#a ,00440 
22160 960150 
2340 .80650 
2400 .e0520 
2500 .00480 
26100 .000560 
2700 .81528 
2800 .Q8880 
2900 .82610 
3000 .01200 
3068 ,00040 
3140 ,02858 
320a .60920 _ 
3300 .82128 

TOTAL .22800 TOTAL ,04170 
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TABLE 1 .14 

HEAVY HYDROCARBON ANALYSIS " STOCS " 1976 

SAMPLE TYPE s SEO 
SAMPLE CODE f BOYK - (W-1000) PERIOD : POST-RIG 
LOCATION : STATION -36 LINE -RIG 

HEXANE EI.UATE BENZENE EIUATE 

RETENTION CONCENTRATION RETENTION CONCENTRATION 
INDEX (UG,/G,) INDEX (UG,/G .) 

1488 .00580 2149 .81790 
1580 .08980 2225 .01590 
1608 .e1e30 2519 .02710 
1674 .01794 2639 .03090 
1700 .02050 2759 .01220 
1788 .00420 285 .01420 
1800 .01960 2963 .02730 
1835 .01630 3035 .133850 
1900 .81410 3159 ,01830 
1944 .01890 3279 .01930 
200e .067e0 3445 .02630 
2087 .02790 
2184 .81540 
2179 .84580 
2200 01800 
2340 ,162320 
2400 01350 
2500 .04868 
2608 .02710 
2700 .07390 
2800 .04050 
2980 .12600 
30013 .84660 
3108 .13600 
3290 .02830 
3300 ,86270 

TOTAL .8536A TOTAL .24690 
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APPENDIX C 

BENTHIC SEDIMENT TEXTURAL ANALYSES 

List of Tables 

Table Page 

1 Benthic Sediment Textural Parameters C-2 

Explanation of Table 1 : 

Column 1 - Sample station number (Univ . of Texas Marine Science 
Institute designation) 

Column 2 - Sample station number (USGS designation) 
Column 3 - Sand percentage (X) 
Column 4 - Silt percentage (;) 
Column 5 - Clay percentage (Z) 
Column 6 - Sand/mud ratio 
Column 7 - Silt/clay ratio 
Column 8 - Iran diameter is phi units (first moment) 
Column 9 - Data sheet designation number (#1 - first sheet) 
Column 10- Sample station number reiteration (UTMSI designation) 
Column 11- Sample station number reiteration (USGS designation) 
Column 12- Standard deviation in phi units (second moment) 
Column 13- Skewness (third moment) 
Column 14- Kurtosis (fourth moment) 
Column 15-Data sheet designation number (#2 - second sheet) 



TABLE 1 

BENTHIC SEDIMENT TEXTURAL PARAMETERS 
PRE-DRILLING SAMPLE SUITE 

1 2 3 4 5 6 7 8 9 

(1S-TAt k°i-05-A 2 .61 47 .7H 49 .61 0 .03 0 .96 7 .75 1 
(1S-fAf km-(1s-h 1 .H1 4y .bH 47 .50 (1 .03 1 .U5 7 .5A l 

N-1000-tfk K^+-N-1-A ? .76 41 .11 S6 . 13 (1 .03 0 .73 8 . 10 1 
N-1(100-TCT ItM-rl-l-H 4,114 3P,!;3 57 .'iM 0 .04 U .61 N,00 1 
E-SUB-Tkl W-!-~~-S-A r, .31 4u .79 !,2 .yu u .07 0 .77 7 .N1 1 
F-5u0-TkU itM-f-~,-N h .U7 39 .80 S ?_ . l2 0109 U .7b 7 .d0 l 
f-Suo-TkV km-r-g+-c 4 .fii 44 .?.n 511, 14 0 .01, o .N7 7 .79 1 
F-500-TRW rtr~-F-S-U S . 09 4N .6? 46 . ill 0 .05 1 .05 7 .47 1 
F-5011-TkX R14-F-,-)-.F 4 .44 4h .43 48 .13 0 .09) 0 .97 7 .65 1 
F-inn-TRY Fit-:-t-r,-F S, H3 44 .72 44 .4ti O .Oh 0 .90 7.b3 1 
E-500-TH1. Ftti-F-5-6 9 .24 46 .90 43 . .86 0 .10 1 .07 7 .35 1 

F-1000-TtV kit-E-1-A 4 .65 S7,3h 38 .00 0 .05 1 .51 7 .10 1 
f' " 1U00-'fFK k~~-E-1-~1 4,79 45 .10 50 .A3 0 .05 0090 7 .79 1 
5-50(1-TSn k14-S-,-n ."i .n4 'i2.a1 43 .45 0 .04 1 .19 7 .47 1 
5-500-TS~i Nr,-S-s-N 3 .7H `14,42 41 .80 0 .04 1 .30 7 .42 1 
s-Snn-TSl: Rre-S-S-r 5,13 41 .34 53 .39 0 .05 U .77 7 .y4 1 
-500-T51) ktl-S-S-n 4 .49 38 .46 57 . 04 0 .05 0 .67 8 . (15 1 
-'i(111-TSt rtm-S-S-F. S .4u 411,36 54 .24 0 .06 (1 .74 7 .'s0 1 

S-5A0-TSF N*1-5-5-f 4 .71 411 .1 .E 55 .16 0 .05 0 .73 7 . q5 1 
5-541)-TSh km-S-ll.-G 4.6S 46 .b3 48,7? 0 .(15 U.516 7 .57 1' 

S-1000-YIV 4,4-5-1-A 3 .91 i?. .9H 43 .10 0 .04 1 .23 7 .47 1 
5-1400-TIK k~1-S-1 "4 3,49 44 .N4 'i? .02 0 .03 U.d6 7 .98 1 
W-100A-TL.V NM-r1-1-A 4 .4S 41 .5.E 54 .01 O . US 0 .77 7 .h6 1 
w-1U00-TLX R!+-w-1-H 2.61. 46 .65 50 .5 0 .03 0 .92 7 .140 1 



TABLE 1 CONT .'D 

PRE-DRILLING SAMPLE SUITE 

10 11 12 13 14 15 

f1S-TAF 11twi-OS-A P ,dU -1 .12 -1 .13 2 
OS-TAN NM-III-N ? . do -U .07 -l . 

M-11100-TfN k M-14-1 -A 1 .4ti -u .14 -O,n? 
m-1aoo-rcr k� -.v-1 - .r 1 .y7 -0 .30 -0 .tiN 
t -501l-TN f rt-a-r'-S-a r . 0? -4I . ?ti -1) . lu 2 
t'-Fno-TkIJ H~~~-r:-~-r+ r .12 -fi .z+ -1) .1a 2 
F-Sod-TNy 1 .ua -u .?n -q .~? r 
F-500-Tk-v r2ra-F-~-~ t .l1:j -Q .117 -1 .1i~ ? 
r-clQtl-Tow Ito4-t-5-f ?. .11 % -11, J-i -n .94 
f-6;06-1RY Ka-t.-~,-F ? .17 -0 .16 r. -l .01 
F-'0U-tNL 2 .24 -0 .47 --1 .?1 

E-111111-IF V .t~~-t'-1-A ? .17 11 .0" -1 .3t 
f.-1000-TF< i?1-t-1-r ? .Il2 -Q .ln -Q .y4 ? 
S-`i1111-ftin ? .n7 -O,O :i -1 .? 1 
ti-s01)-TS!" t .04 -0,112 -1 .1-i ? 
ti-s00-Ts(: l .'0H -1l ."C4 -1l 
s- ;nn-Ts,! ~ .yh -u .3u -o,5ti 
S-'iflll-~1SF rt~a-~-!;-f % .U4 -0 .24 -Il,~f? ?_ 
C- ;iOU-) , So: ? .0 1 -1I .?n -0,11 ?_ 
-5n~i-T~~= ft ~ .1e+ -41 .ly -1 .17 2 

r .Or) -o .u " 1 -l .ln 
5-1001-T I C fit.:-S_1 -N 1 . no -d .1 " + -U .7n ? 
"r-1d00-Tlv Kar ti-1-n r .(jti -1) ?3 -n .r,y a 
w-loon-f1 .K -14 l .yti -n .l*1 -1 .01 1 

n 
w 



TABLE 1 CONT .'D 

POST-DRILLING SAMPLE SUITE 

1 2 3 4 5 6 7 8 ~9 

(1f--AI .lE~A NM-III.-A 19 .92 43 .33 36 .7f+ u .25 1 .1H 6161 
DS-H(1E5 km-I15-N 

~ 
4 .73 65 .98 2y .2y U .US 1 .25 6,63 

135-ciliSta itN-I1S-C. 4 .45 64 .5 30,96 0 .05 2 .119 6 . -12 
As-F+I)S( F?H-I1S-11 h . 12 'i'i .67 3(! .2) 0 .06 1 .46 7 .q7 
QS-405() 014-11k-t 10,33 36 .0H 93 .59 0 .12 0 .67 7 .62 
DS-HUSill km-(1S-F ?. .31 6U .4A 37 .30 U .U?. 1 .6? 7 .14 

N-1000-HI)NK MM-NPi-A 1 .96 X0 .81 NT .?3 0 .02 1 .UH % .h7 
N-1040-N11hM 14M-PN-11 0 .62 59 .04 .19,74 0 .01 1 .50 7 .47 
E-1oIU0-hf1T1 . kM-PF-A !i,H9 71 .74 22-36 0 .06 3 .21 6 .20 
f-iono-Mnl N kM-FE -A 13 .06 54 .74 3? .2l o .15 1 .70 6 .69 
5-10(1Q-NI1VV RM-NS-A 3.49 4 :x .6?. 92 .i19 11,114 (I .tf2 ? .pit) 
5-111011-141)VX F<M-PS-14 9) .67 4H .16 46 .17 11 .06 1 .04 7 .40 
W-1400-HI)YF NM-F'W-A 2.87 b4 .b0 32-34 0 .03 2.00 6191-1 
W-1044-01)YM NM-1+W-N 3,81 S1 .71 44 .48 0 .04 1 .16 7 .r+H A 

1 
r 



TABLE 2 CONT .'D 

POST-DRILLING SAMPLE SUITE 

10 11 12 13 14 15 

IlS-kl)to ki-l-Ilk-A ?.,Al -11 . ?f: -n .?_I t 
ns-til)F*) q,,-0s-N r .ii o .?4 -i .o3 z 
u5-MOs,) rol-ins-c ? .07 o . i f -I . Nn 2 
US-Ii(15i - ""1-ijS-f) ?. .?1 0 .04 -1 .2Q ? 
OS-HI1SO r "+-fly-f 2 .49 -o . ho 1 . Vi / 
f_1S-IiUSn sl,a-0S-F ? . liy o .04 .1 . e-? 

rl-1Q00-64t)hK v.4-pt"l-4 r.Ob -U .IU -0,97 ? 
M-1000-N11Hm rH-11M-N l .d4 U,U% -l .lti /. 
F-101(1-NOTL FM-F'F-A ? .flif 11,3'J -0 .t)7 2 
f-10Uf1-HI)Trt NA-NF-a 2 .?,i o .qL+ -1 .13 ?. 
S-101111-li(1VV HM-Ps-a 1 .49 -11 .21 -0, 74 
5-1 000-00vx 44 ",-NS-" ? .?1 -11,07 -1 .31 2 
w+-lU(lll-NIiYt Fti~-~~r~-A ? .U U Oj17 -l .41l l 
'r-lOUU-HI)YH fcla-1"~-h ?.0? -(I .Ut! -01, -)14 2 
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APPENDIX D 

SEDIMENT TEXTURE AND DEPOSITION 

List of Tables 

Table Page 

1 Sediment Parameters Computed by Moment Measures D-2 
Using the 14,-phi Extrapolation (Pre-Drill) 

2 Sediment Parameters Computed by Moment Measures D-8 
Using the 14 phi Extrapolation (Post-Drill) 

3 Means and Standard Deviations of the Six or Seven D-14 
Grab Samples Taken at Each Station for the Rig 
Monitoring, Pre-Drilling Study Using the Data 
From Table 1 

4 Means and Standard Deviations of the Six or Seven D-18 
Grab Samples Taken at Each Station for the Rig 
Monitoring, Post-Drilling Study Using the Data 
From Table 2 
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TABLE 1 

SEDIMENT PARAMETERS COMPUTED BY MOAT MEASURES 
USING THE 14 PHI EXTRAPOLATION (PRE-DRILL) 

Key to Table : 

PERIOD Pre-Drill 
STA Station 
3AMP REP Sample Code and Replicate Number 
MEAN Mean 
S .D . Standard Deviation 
SKEW Coefficient of Skewness 
BURT Coefficient of Excess (Kurtosis) 
S 
SILT Percentage of Total Weight in the Sand, Silt and Clay Categories 
C y IA 
11 SA/ Ratio of sand weight to nerd weight IT 

SI/CL Ratio of silt weight to clay weight 
>10 .6 Percentage of Total Weight is the fraction greater than 10 .6 phi 



rAeLE i 

PtkIUD STA SAMP KEN MEAN SO . SKEW KURT SAIVU SILT CLAY SA/MUU SI/CL >1N .6 

P EkCENTS kATlU5 

PRE DRILL 1 ATAG 1 7 .92 3 .23 .37 .69 5 .28 5 .56 44 .1b .166 1 .14 27 .6 
PRE DRILL 1 ATAS 2 9 .26 3 .05 - .b6 .7b 2 .52 35 .80 bl .bb .b3 .58 39 .8 
PRE DRILL i ATAU 3 6 .71 3 .07 .72 .85 9 .01 b3 .29 27 .7N .10 2 .2d 17 .8 
NkE DRILL 1 ATAw 4 7 .36 5 .12 .57 .74 4 .410 60 .37 35 ..23 .e5 1 .71 22 .d 
PRE JKILL 1 ATAY 5 6 .91 3 .32 .513 .bS 18 .06 4 .44 33 .5b .22 1 .45 21 .E 
PRE DRILL 1 ATOA 6 7 .86 3 .20 .41 .69 4 .42 53 .29 42 .2b .k)5 1 .26 27 .8 
PRE DRILL 1 ATSM 7 b .55 2 .75 .t)4 .75 9 .48 57 .76 32 .76 .lo 1 .7b 4 .13 
PRE DRILL 46 ATMT 1 l .59 3 .46 .35 .b2 13 .90 43 .16 42 . .94 .16 1 .01 28 .E 
PRE DRILL 46 ATMV 2 8 .50 3 .37 .b3 .69 b .Zki 4e,28 53 .5 .0 .75 34 .1 
PRE UKILI 46 ATMX 3 8 .61 3 .37 - .h7 1 .24 7 .22 13 .14 79,04 .08 .16 33 .2 
Nkt DRILL 46 ATMZ 4 d .25 3 .35 .13 .65 5 .37 44 .90 49 .73 .06 .9d 31 .E 
PRE DRILL 46 ATN8 5 7 .40 3 .34 .48 .65 1 .12 50 .37 39 .51 .11 1 .27 25 .7 
EKE DRILL 4o ATNU 6 d .25 3 .27 .17 .6e 5 .53 45 .3 49 .an .06 .y~ 29,2 
PRE uHILI 37 ATNF 1 9 .06 3,07 - .0b .67 1 .37 39 .b1 58 .83 .dl .bb 37 .E 
PRE DRILL 37 ATNH 2 7 .64 3 .15 .44 .7d 2 .91 56 .13 40 .96 .(63 1 .37 27 .0 
NKE DRILL 37 a1NJ 3 7 .28 3 .00 .6u .Ije 2 .91 bS .65 31 .44 .o3 2 .a9 ed .7 
PRE DRILL 37 ATNt 4 8 .16 3 .15 .2H .69 2 .2K 5e,80 46 .91 .d2 1 .d8 27 .4 
PRt UKILL 37 ATNN 5 7 .60 3 .32 .36 .61b 6 .47 5e .2b 43 .27 .fo7 1 .16 29 .1 
NHL DRILL 37 ATNN 6 7 .16 3 .19 .46 ,75 11 .96 57 .41 316 .61 .14 1 .88 19 .9 
PRE UK1LL 36 ATMH 1 9 .e5 3 .0% - .b8 .74 3 .3o 34 .6h bz .a9 .e3 .Sb 30 .4 
PRE DRILL 36 ATMJ 2 7 .06 3 .16 .59 .73 9,02 57 .10 33 .bb .10 1 .69 19 .8 
PRE DRILL 36 ATML 3 6 .92 3 .16 .63 .78 10 .70 59 .34 29 .96 .12 1 .98 20 .1 
ARE DRILL 36 ATMiv 4 9 .16 3 .10 - .e5 .68 1 .56 36 .03 60 .40 .k)2 .63 4e .4 
PRE DRILL 3b ATMN 5 H .lb 3 .29 ,19 .67 4 .99 46 .95 46 .06 .05 .9d 29 .5 
PkE DRILL 36 ATMK 6 7 .89 3 .51 .34 .64 5 .11 5e .56 44 .34 .05 1 .14 28 .9 
PRE DRILL 3b ATSK 7 6 .61 3 .09 .b8 .99 15 .31 59 .23 25 .4b .18 2 .33 17 .0 
NHL DRILL 26 ATLM 1 9 .24 3 .1k) - .07 .70 4 .44 34 .25 b1 .31 .V)5 .56 42 .E 

i 
w 



1AbLE 1 

PERIOD STA SAMP REP MEAN S .D . SKEW KUkI SAND SILT CLAY SA/MUO SI/CL >l0 .b 

PEFtI:EfvTS rtNf lU~ 

PRE DRILL 26 ATLJ 2 5 .82 2 .81 .77 1 .65 31 .6b 50 .38 lts .02 .46 2 .60 13 .3 
PRE uRILL 26 ATLL 3 7 .91 3 .44 .28 .65 8 .80 45 .39 45 .81 .1d .99 32 .0 
PRE DRILL 2b ATLN 4 8 .71 3 .17 .11 .69 :s .21 43 .57 53 .22 .e3 .82 35 .9 
PRE DRILL 36 ATLP 5 8 .h9 3 .35 .22 .63 4 .95 47 .42 47 .63 .e5 1 .00 31 .3 
I'rtE DRILL 36 ATLk 6 d .75 3 .28 - .01 .6~e 3 .95 41 .34 54 .70 .H4 .75 3b .5 
PRE DRILL 26 AT5L 7 8 .59 3 .26 .06 .b8 5 .82 41 .0 54 .5 .164 .76 34 .2 
PRE DRILL lb ATKk 1 6 .52 3 .(06 .71 1 .19 15 .bW bl .tsl 22 .59 .1d 2 .74 17 .1 
PRE DRILL 16 ATKT 2 8 .48 3 .12 .19 .66 1 .50 46,25 5o,25 .02 .96 51 .4 
PRE DRILL 16 ATKV 3 6 .23 3.21 .21 .b9 4 .06 47 .80 46 .1? .o4 .99 28 .9 
PRE DRILL 16 ATKX 4 7 .67 3 .30 .40 .67 7 .30 52 .77 59 .93 .08 1 .32 26 .9 
PRE ukILL 16 ATKL 5 8 .45 3 .27 .15 .6h 3 .73 45 .77 50,51 .04 .91 54 .1 
PRE DRILL 16 ATLti 6 7 .21 3 .21 .5b .71 8 .35 56 .44 35 .25 .09 1 .60 22 .1 
PRE DRILL 44 ATJT 1 7 .90 3 .30 .30 .67 6 .04 49 .13 44,ti3 .Vib 1 .1o 2 
PRE DRILL 44 ATJV 2 8 .54 3 .28 .05 .68 5 .07 41 .72 53 .21 .05 .76 31 .1 
PRE DRILL 44 ATJX 3 6 .61 3 .29 .165 .66 4 .b7 41 .89 53 .44 .v15 .78 S5 .5 
PRE DRILL 40 ATUZ 4 6 .58 3 .e2 .08 ,69 3 .90 43 .20 52 .90 .04 .62 31 .4 
PRE DRILL 44 ATKtt 5 8 .48 3 .32 .f07 .65 4 .5b 43 .31 52 .11 .1c~5 .83 33 .6 
PRE UFt1LL 44 ATKU 6 8 .46 3 .35 .0 .67 5 .87 41 .67 52 .46 .0o .79 34 .2 
PRE DRILL 33 ATHf 1 7 .10 3 .20 .bb .73 d .95 5iS .52 32 .54 .1h 1."o 21 .6 
PRE DRILL 33 A1HN 2 7 .09 3 .15 .61 .74 d .11 61 .85 32 .14 .0 1 .93 21 .0 
PRE DRILL 33 ATr+J 3 6 .84 3 .26 .65 .73 16 .77 52 .70 30 .53 .fib 1 .73 21 .1 
PRE uRILL 33 AtriL 4 1 .79 3 .32 .34 ,67 7 .12 49 .5b 43 .31 .iO6 1 .14 e7 .9 
PRE DRILL 33 ATHN 5 7 .22 3 .31 .54 ,67 11 .79 51 .34 36 .87 .13 1 .34 23 .8 
PRE DRILL 33 ATNN b 8 .12 3 .2e .01 .7k) 4 .81 39 .5 56 .14 .05 .7k+ 32 .5 
PRE DRILL 24 ATKF 1 6 .63 3 .27 .73 .74 21 .54 48 .74 29 .71 .27 1 .64 2b .2 
PRE Uk1LL 24 ATI(N 2 6 .e2 3 .36 .17 .62 6 .55 44,60 48 .6S .d7 .91 3?. .3 
PRE DRILL 35 ATKJ 3 8 .10 3 .30 .24 .b5 5 .27 47 .59 47 .14 .0b 1 .01 30 .5 
PRE UKTLL 35 ATKL 4 1 .44 3 .?b .50 .66 5 .94 S4 .66 39 .2o .al6 1 .40 25 .2 

C7 
i 
r 



fAdLE 1 

PERIOD STA SAMP REP MEAN S .U . SKEW KURT SAND SILT CLAY SA/MUU SI/CL >ld .b 

~ENCENTS ~A1tU5 

PRE DRILL 35 ATKN 5 7 .06 3 .43 .54 .bS 2e .90 42 .94 36 .20 .16 1 .19 24 .1 
PRE DRILL 35 A1KP 6 8 .67 3 .28 .09 .65 3 .57 42 .97 53 .46 .04 .60 39,6 
PRE DRILL 14 ATMk 1 7 .03 3 .40 .59 .b5 1 .54 47 .14 34 .32 .23 1 .37 24 .7 
PRE DRILL 14 A(MT 2 8 .58 3 .23 .10 .66 4 .24 43 .61 52 .15 .04 .64 33 .2 
PRE DRILL 14 ATMV 3 7 .65 3 .39 .37 .63 9,14 48 .4b 42 .46 .10 1 .14 28 .3 
PRE DRILL 14 ATMX 4 7 .b6 3 .03 .56 .73 1 .89 60 .73 37 .39 .162 1 .62 24 .2 
PRE DRILL 14 ATHI 5 7 .77 5 .1d .44 .b9 3 .68 55 .24 41 .08 .104 1 .34 2b .4 
PRE URYLL 14 ATId b 6 .19 3 .2W .29 .67 2 .85 50 .69 46 .4 .03 1 .09 3e .6 
PRE DRILL 24 ATID 1 7 .22 3 .Z7 .56 .68 9 .51 53 .80 36 .66 .11 1 .47 23 .1 
PRE DRILL 24 ATIF 2 7 .58 3 .33 .41 .66 B .5H 5e .43 41 .6 .09 1 .23 26 .2 
PRE DRILL 24 ATIM 3 7 .38 3 .27 .50 .0 7 .49 54 .33 34 .17 .08 1 .42 24 .5 
PRE DRILL 24 ATIJ 4 7 .65 3 .41 .29 ,62 0 .14 40,49 45.7 .d9 1 .02 3e,3 
PRE DRILL 24 ATIL 5 7 .de 3 .52 .33 .6b 7 .03 4y .wd 43,89 .ed 1 .12 t7 .7 
PRE DRILL 24 ATIN 6 8 .34 3 .44 .15 .a2 b .ui 43 .77 y9 .b2 .e7 .8a 42 .a 
PRE DRILL 24 ATSP 7 7 .66 3 .36 .38 .64 8,14 49 .69 42 .11 .09 l .l6 21 .7 
PRE DRILL 34 ATJM 1 8 .32 3 .28 .13 .67 4 .75 45 .b2 50 .23 .05 .9e Sy .3 
PRE DRILL 34 ATJJ 2 e .45 3 .26 .14 .66 3 .96 45 .15 5d .78 .e4 .89 53 .4 
PRE DRILL 34 ATJL 3 7 .18 3 .29 ,64 .67 d .48 53 .12 38 .40 .169 1 .38 24 .1 
PRE DRILL 34 ATJN 4 9 .11 3 .07 - .162 .70 4 .06 3b .85 59 .14 .04 .62 37 .6 
PRE DRILL 34 A1JP 5 9 .15 3 .14 - .09 .71 2 .42 36,49 61 .09 .d2 .60 31 .9 
PRE DRILL 34 ATJk 6 8 .20 3 .4b .11 .66 8,08 42 .11 49,b2 .09 .85 30 .5 
PRE DRILL 34 ATSU 7 8 .71 3 .29 .01 .b9 5 .79 39 .51 54,7W .N6 .72 35 .3 
PRE DRILL 461 ATOP 1 6 .72 3 .00 .69 1 .00 8 .15 66 .15 25 .69 .09 2 .57 17 .3 
PRE DRILL 40 ATUR 2 8 .13 3 .26 .27 .65 3 .36 49,82 4b .62 .163 1 .06 31 .1 
PRE DRILL 40 ATU1 3 7 .24 3 .30 .56 .67 9,59 54 .65 35 .96 .10 1 .52 24 .6 
PRE DRILL 4d ATUV 4 6 .51 2 .69 .69 1 .72 8 .15 72 .4 19,37 .09 3 .74 13 .7 
PRE DRILL 40 ATGX 5 7 .17 3 .28 .6d ,67 8 .94 56 .19 34,d7 .lid 1 .61 23 .9 
PRE DRILL 416 ATDZ 6' 7 .4d 3 .25 .54 .68 6 .ad 57 .09 36 .91 .hb 1 .55 25 .3 
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TALE 1 

PEkIOD STA SAMP REP MEAN S .U . SKEW KURT SAI4U SIL1 CLAY SA/MUU SI/CL >ld .b 

PEKCENTS KATIuS 

PRE DRILL 12 aTEN 1 7 .e2 3 .17 .63 .74 8 .63 59 .14 32 .23 .09 1 .84 2e .5 

PRE DRILL 11 ATEP 2 I .59 3 .34 .39 .65 9 .10 49 .04 41 .90 .10 1 .17 e6 .6 

PRE DRILL 12 ATER 3 7 .34 3 .33 .52 .66 9 .88 51 .55 38 .57 .11 1 .34 25 .3 

PRE DRILL 12 ATET 4 1 .96 3 .35 .26 .b3 5 .d6 48 .41 45 .73 .bb 1 .06 30 .1 

PRE DRILL 12 ATEV 5 7 .45 3 .28 .47 .68 % .b9 52 .93 39 .3 .bd 1 .34 24 .7 

PRE GRILL 12 ATEX 6 7 .41 3 .2e .56 .68 5 .2H 5b,30 3b .50 .05 1 .60 24 .8 

PRE DRILL 22 ATfF 1 8 .eS 3 .33 .14 .66 6 .07 44 .49 49 .45 .fib .90 31 .0 

PRE GRILL 22 ATFH 2 8 .05 3 .38 .20 .65 7 .93 44,59 47 .49 .09 .94 3d .2 

PRE DRILL 22 ATFJ 3 8 .40 3 .39 .06 .65 5 .94 42 .19 51 .bb .d6 .81 34 .E 

EKE DRILL 12 ATfL 4 7 .09 3 .19 .57 .75 9 .43 57 .65 32 .92 .10 1 .75 21 .a 

PRE +uRILL 22 ATfN 5 7 .31 3 .3O .52 .b8 9 .91 53 .20 36 .89 .11 1 .44 
' 

24 .7 

PRE DRILL 22 ATFP b 7 .23 3 .34 .S4 .b5 il .ya 49,69 3 .33 .l4 sb 1 . 24 .3 

PRE DRILL 22 ATSM 7 7 .18 3 .20 .5ts .7a 7 .06 58,5 34,39 .08 1 .7e 22 .0 

NEE DRILL 42 A167 1 7 .09 3 .35 .54 .67 17 .18 48,33 34 .49 .21 1 .4b 23 .3 

PRE DRILL 42 AT6V 2 7 .61 3 .35 .33 .67 7 .61 47 .63 44 .70 .108 1 .06 28 .7 

PRE DRILL 42 A1Gk 3 8 .49 3 .31 .06 .611 5 .50 41 .60 52 .90 .166 .79 32 .4 

PRE URILL 42 AT6Z 4 8 .90 3 .22 - .03 .68 3 .36 34 .71 56 .43 .403 .7o 30 .1 

PRE DRILL 42 ATHb 5 7 .13 3.H9 .b3 .77 5 .48 62 .71 31 .e1 .db 1 .97 2e .k 

PRE DRILL 42 ATHU 6 7 .74 3 .33 38 .6h 7 .12 5 .19 42 .64 .08 1 .18 28 .3 

PRE DRILL 32 ATGH 1 8 .04 3 .43 .22 .62 6 .27 44 .56 47 .1 .d9 .94 35 .E 

PRE DRILL 32 ATGJ 2 d .02 3 .44 .19 .62 9 .b2 43,91 47 .67 .10 .93 31 .E 

PRE ukILL 32 aT6L 3 7 .73 3 .42 .3d .64 11 .16 44 .51 44 .33 .13 1 .00 2d .e 

NEE ukILL 32 ATGN 4 7 .11 3 .37 .53 .65 14 .34 47 .74 37 .66 .17 1 .2c 44 .5 

PRE DRILL 32 ATGP 5 8 .43 3 .36 .04 .67 b .88 40 .11 53 .dw .d7 .16 32 .6 

PRE DRILL 32 AT6k 6 7 .161 3 .18 .616 .75 10 .05 57 .43 3 .52 .11 1 .77 20 .1 

PRE DRILL 32 ATSri 7 7 .45 3 .39 .24 .63 6 .24 45 .1e 46 .65 .109 .97 29 .4 

NKE URiLL 2e A1CU 1 6 .68 3 .45 .61 .68 33 .35 35 .73 30 .92 .50 1 .16 21 .E 

PRE UKILL eN ATCf 2 8 .69 3 .29 - .H4 .7o 4,66 3b .lo 5d .9b .N5 ,bl 400 2 
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TAdLt 1 

PERIOD STA SAMN REP MtAN S .U, SKEw KUkT SANG S1LT CLAY SA/MUU S1/CL ~l0 . b 

PERCENTS HAT IUS 

PRE DRILL 20 ATCN 3 6 .41 3 .03 .78 1 .09 16 .07 59 .98 23 .95 .19 2 .50 10 .4 
PRE DRILL 2e ATCJ 4 e .e7 3 .4e .16 .bb 8 .d6 43 .27 47 .7 .la .9d 29 .7 
PRE DRILL 20 ATCL 5 6 .22 3 .13 .75 1 .04 2 .65 47 .35 24,0d .40 1 .97 15 .9 
PRE DRILL 20 AICN 6 6 .52 3 .16 .74 .84 18 .79 S4 .25 26 .97 .23 2 .01 17 .7 
PRE DRILL 20 ATSI 7 6 .94 3 .33 .63 .69 16 .28 54 .69 33 .03 .19 1 .53 22 .6 
PRE DRILL 1e ATbL 1 7 .35 3 .32 .51 .6a 9 .97 51 .77 38 .26 .11 1 .35 24 .9 
PRE UkILL 116 ATbN 2 8 .38 3 .24 .17 .66 3 .49 46 .59 49,92 .W4 .93 31 .7 
PRE GRILL 10 A18P 3 7 .53 3 .32 .43 .6b 6 .14 5 .64 4b .62 .116 1 .25 Z5 .8 
PRE DRILL 110 AtbR 4 7 .58 3 .40 .37 .65 11 .54 47 .44 41 .02 .13 1 .16 17 .8 
PRE DRILL 1H A18t 5 8 .60 3 .30 - .02 .69 5 .919 34 .24 55 .77 .06 .69 38 .e 
PRE DRILL 10 ATV 6 7 .76 3 .2b .40 .68 b .55 50 .38 43 .47 .a7 1 .17 27 .3 
PRE DRILL 30 ATDU 1 7 .b9 3 .33 .40 .66 7 .05 51 .9 41 .5 .0e 1 .26 26 .5 
PKE DRILL 30 ATDF 2 5 .77 2 .5b .74 2 .06 19 .24 63 .46 11 .2 .24 3 .67 12 .1 
PRE DRILL 316 ATOM 3 6 .15 2 .95 .77 1 .41 23 .b3 S5 .2d 21o .K9 .31 2 .65 14 .7 
PRE GRILL 30 ATUJ 4 6 .23 3 .41 .13 .63 6 .92 43 .55 49,52 .0 .88 33 .6 
ARE DRILL 310 ATUL 5 7 .e7 3 .33 .59 ,68 13 .4b 52 .73 33 .79 .10 1 .5b 23 .6 
rkE DRILL 3e ATUN 6 6 .96 3 .22 - .05 .71 4,05 36 .23 59,7 .04 .61 37 .5 
PRE DRILL 316 ATSJ 7 6 .72 3 .43 .65 .68 25 .31 4 .24 34 .45 .34 1 .17 ei .6 
PRE DRILL 31 ATEd 1 7 .95 3 .5d .17 .bS 12 .55 40 .41 47 .e5 .14 .86 31 .E 
PRE DRILL 31 ATE 2 7 .84 3 .55 .31 .b4 7 .24 48,12 44 .64 .0e 1 .e8 26,7 
PRE uK1LL 31 aTEF 3 7 .66 3 .28 .35 .66 4 .52 51 .07 44,44 .105 1 .15 2b .5 
PRE DRILL 31 ATEM 4 6 .42 2 .95 .76 1 .17 12 .70 63 .95 23 .35 .15 2 .74 15 .7 
PRE DRILL 31 ATEJ 5 6 .22 2 .80 .72 1 .51 11 .9 65 .39 22 .7 .13 2 .88 13 .5 
PRE DRILL 31 ATEL 6 7 .0b 3 .29 .61 .68 12 .tb 52 .46 35 .db .14 1 .44 23,1 
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TABLE 2 

SEDIMENT PARAMETERS COMPUTED BY MOMENT MEASURES 
USING THE 14 PHI EXTRAPOLATION (POST-DRILL) 

Key to Table : 

PERIOD Post-Drill 
STA Station 
SAID REP Sample Code and Replicate Number 
MEAN Mean 
S .D . Standard Deviation 
SKEW Coefficient of Skewness 
KURT Coefficient of Excess (Kurtosis) 
SAND 
SILT Percentage of Total Weight in the Sand, Silt and Clay categories 
CLAY 
SA/ Ratio of Sand Weight to Mud Weight 
SI/CL Ratio of Silt Weight to Clay Weight 
>10 .6 Percentage of Total Weight in the Fraction Greater than 10 .6 phi 



TABLE 2 

PEKIUu STA SAMP REP MEAN S .D . SKEW KURT SAND SILT CLAY SA/MUU S1/CL >ib .b 
00*0*9 0000,00 . . . . . . 0000000000 

P ERCENTS RATIOS 

POST DRILL H1 t3DFC 1 6 .79 3 .25 .63 .81 16 .31 54,58 29 .11 .19 1 .88 2rr .1 
POST DRILL bl eDFF 2 7 .61 3 .5e .32 .b3 14 .54 43 .36 42 .09 .17 1 .U3 28 .5 
POST DRILL 01 tsDFI 3 4.96 4.15 .27 .78 48 .12 25 .37 26 .5e .93 .96 9 .1 
DUST DRILL Idl t3DfL 4 7 .54 3 .29 .45 .7d 9 .39 52 .65 37 .99 .10 1 .19 25 .6 
POSE DRILL bi BUFU 5 7 .06 3 .b1 .44 .67 21 .2 4e .62 38 .36 .27 1 .e6 26 .6 
POST DRILL Hi dDFk e 7 .75 3 .22 .37 .73 6 .86 49,54 43 .56 .0 1 .14 23 .8 
PUS] DRILL 01 tiDFU 7 6 .79 3 .24 .65 .75 16 .81 51 .45 30 .74 .20 1 .71 19 .7 
POST DRILL 110 HUZP 1 7 .53 3 .415 .34 .66 13 .77 44 .43 41 .40 .1b 1 .08 26 .6 
POST DRILL le tiDZS 2 7 .13 3 .22 .57 .73 7 .62 5ts .89 35 .49 .108 1 .76 21 .5 
POST DRILL lo t3pZV 3 6 .91 3 .49 .53 .65 2b,41 37 .51 36 .68 .36 1 :04 22 .9 
MUST DRILL 10 HULY 4 1 .46 3 .44 .41 .66 14 .90 45 .39 39 .71 .1t3 1 .14 28 .0 
POST DRILL 10 8EA6 5 8 .09 3 .39 .23 .69 7 .70 46 .47 45 .83 .08 1 .01 32 .3 
POST DRILL 10 bEAE 6 13 .11 3 .43 .19 .66 9,53 43 .44 46 .94 .11 .93 33 .4 
POST DRILL 20 EiDGN 1 5 .17 2 .51 .71 2 .14 17 .44 65 .33 17 .23 .21 3 .79 15 .1 
PAST DRILL 2e 806U Z 7 .47 3 .34 .43 .68 9 .49 51 .74 38 .77 .10 1 .35 25 .3 
PuST UR1LL 20 BU6T 3 7 .20 3 .53 ,43 .65 21 .03 39 .8b 39 .o9 .27 1 .02 24 .E 
POST DRILL 20 8U6w 4 7 .67 3 .58 .17 .62 16 .55 36 .46 46 .9d .20 .78 32 .7 
PUS[ GRILL 20 HUUI 5 7 .09 3 .33 .60 .69 11 .69 52 .73 35 .5 .13 1 .48 25 .3 
BUST DRILL 2e 8UhC 6 8 .e4 3 .38 .15 .6/ 9 .94 42,38 47 .68 .11 .69 27 .4 
F'USI DRILL 20 8UHF 7 1 .47 3 .37 .45 .65 8 .58 51 .60 39 .ts2 .i09 1 .30 26 .5 
POST DRILL 30 HDNw 1 8 .58 3 .35 ,161 .63 3 .41 42 .66 53 .94 .04 .79 35,1 
1'OSi DRILL 30 t3UHZ 2 8 .29 3 .17 .29 .65 2 .04 50 .16 47 .41 .e2 1 .05 32 .2 
POST GRILL 3e HU1C 3 8 .48 3 .07 .25 .65 1 .63 49,00 49,37 .02 .99 32 .0 
POST DRILL 3e tiUIF 4 6 .21 3 .14 .75 .96 32 .99 42 .b9 24 .12 .49 1 .78 16 .1 
POST DRILL 30 HUil 5 13 .11 3 .18 .33 .66 2 .40 52 .22 45 .38 .02 1 .15 29 .6 
PUSf DRILL 30 HDIL 6 6 .88 3 .25 .62 .73 15 .3b 53 .05 316 .99 .16 1 .73 19 .7 
POST DRILL 314 dDIU 7 7 .02 3,31 .60 .71 14 .37 52 .95 32 .b8 .17 1 .62 25 .1 
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TAdLE 2 

PERIOD STA SAMP kEN MEAN 5 .0 . SKEW KURT SAND SILT CLAY SA/MUD 3I/CL >la .b 

PEkCEivTS rtA f I05 

DUST DRILL 4b HEFZ 1 7 .01 3 .12 .53 .88 11 .6 60 .31 27 .83 .13 2 .17 lts .7 
DUST DRILL 416 8EGC 2 8 .69 3 .13 .10 .65 1 .09 45,31 53 .bH .01 .85 34 .N 
HOST DRILL 40 8EGF 3 7 .30 3 .21 .56 .74 8 .6i 54 .93 36,46 .09 1 .51 22 .8 
POST DRILL 40 BEGI 4 8.93 3 .12 .02 .68 1 .63 41 .63 56 .74 .02 .73 37 .1 
POST DRILL 4d HEGL 5 6.24 3.16 .28 .66 1 .27 51 .37 47 .36 owl l .ob 3o .0 
DUST DRILL 40 t3EG0 6 8 .16 3 .18 .33 .65 2 .77 51 . 2 4 45 .94 .03 1 .11 30 .7 
POST DRILL 31 BEAK 1 6 .e1 3 .41 .6(0 .7b 2e .94 46 .49 32 .97 .26 1 .40 22 .1 
POST DRILL 31 BEAN 2 8 .11 3 .50 .10 .oS 11 .01 39,35 49 .64 .12 .79 31r.0 
POST DRILL 31 8EAO 3 7 .29 3 .30 .55 .6ts 7 .51 55 .93 36 .56 .08 1 .53 X5 .9 
MUST DRILL 31 BEAT 4 7 .11 3 .4b .48 ,66 19 .98 45 .21 3b .82 .25 1 .17 23 .1 
POST DRILL 31 BEAw 5 x .40 3 .32 .10 .66 5 .55 43 .01 51 .44 .ab .84 32 .7 
POST DRILL 31 HEat 6 8 .59 3 .18 .08 .70 2 .26 44 .36 53 .38 .02 .83 3h .0 
POST DRILL 12 BEHF 1 6 .d3 3 .15 .e4 .86 11 .48 6e,24 28 .28 .13 2 .13 19 .1 
POST DRILL 12 HEbI 2 7 .d7 3 .19 .61 .77 8 .30 59,9b 31 .74 .09 1 .89 21 .1 
POST DRILL 12 IiEbL 3 b .89 3 .23 .63 .78 14 .11 55 .52 30 .37 .16 1 .83 2O .5 
DUST DRILL 12 FiE80 4 7 .08 3 .14 .b3 .79 7 .b1 63,04 29 .35 .e8 2 .15 20 .8 
DUST DRILL 12 8Elik 5 7 .85 3 .19 .44 .b8 4 .07 54 .34 41 .55 .04 1 .31 27 .8 
DUST DRILL 12 BtBU 6 7 .19 3 .46 .48 .68 16 .83 4E+,14 37 .e4 .2e 1 .25 25 .1 
POST DRILL 22 BDJA 1 7 .94 3 .45 .23 .64 10,61 43 .95 45,24 .12 .97 3e .3 
POST DRILL 22 HUJU 2 7 .72 3 .59 .35 .66 10 .09 44,95 44,93 .11 1 .00 26 .1 
POSE DRILL 22 IiUJG 3 8 .35 3 .31 .15 .66 5 .42 44 .77 49,d1 .06 .90 35 .7 
DUST DRILL 22 HOJJ 4 7.d2 3 .39 .32 .64 7 .22 48 .b8 44 .10 .168 1 .10 316 .1 
NuST DRILL 22 13DJM 5 7 .29 3 .38 .52 .67 12 .73 49 .53 37 .74 .15 1 .31 25 .7 
POST DRILL 22 bUJP 6 8 .11 3 .33 .24 .65 5 .3b 47 .66 46 .98 .06 1 .01~ 51 .6 
P031 DRILL 22 ii0JS 7 7 .98 3 .36 ,29 .bF 0 .73 47 .52 45 .75 .07 1 .04 3d,3 
POST DRILL 32 80TX 1 7 .41 3 .46 .24 .65 11 .35 43 .06 45 .58 .13 .94 30 .9 
l+uST DRILL 32 dUUA 2 7 .47 3 .41 .26 .66 6,76 45 .63 47,61 .0 ,96 31 .7 
HOST DRILL 32 HDUU 3 7 .51 3 .33 .48 .66 7 .66 52 .64 39 .7H ,08 1 .3 .5 20 .3 
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rAdLE z 

PERIOD STA SAMP REF' MEAN S .U . SKEW KUKT SHwU SILT CLAY SA/MUU SI/CL >1d .6 

P EKCENT3 RA(tOS 

POST DRILL 32 HUU6 4 7 .45 3 .46 .41 .66 14 .02 45 .55 40,43 .16 1 .13 27 .9 
POST DRILL 32 8UUJ 5 7 .94 3 .39 .28 .66 7 .33 47 .24 45 .43 .0e 1 .04 30 .8 
POST DRILL 32 EiUUM 6 8 .50 3.34 .11 .62 4 .43 44 .16 51 .40 .05 .8b 3ts .5 
POST DRILL 32 BOUP 7 8 .32 3 .34 .15 .62 4 .34 45 .79 49 .86 .05 .92 34 .4 
DUST DRILL 42 8EGR 1 7 .20 3 .42 .53 .66 14 .42 50 .61 34,91 .17 1 .45 26 .4 
F'UST DRILL 42 dEGU 2 7 .21 3 .39 .49 .69 15 .17 46 .be 37 .63 .19 1 .24 23 .3 
POST ORAL 42 dEGX 3 7 .21 3 .44 .48 .68 17 .14 44 .19 38 .67 .21 1 .14 25 .3 
POST DRILL 42 dEMn 4 8 .10 3 .30 .25 .64 4 .96 49 .e9 45 .95 .165 1 .e7 31 .1 
DUST DRILL 42 BEHO 5 8 .34 3 .27 .16 .65 3 .09 47 .66 49 .5 .io3 .97 31 .9 
POST DRILL 42 HEMG 6 8 .6b 3 .25 .lid ,6b 3 .62 44,19 52 .49 .04 .85 36 .0 
POST DRILL 33 BECA 1 7 .61 3 .53 .31 .62 lb .b9 38 .21 45 .09 .20 .85 29 .9 
POST DRILL 33 fiECU 2 8 .86 3 .26 .01 .66 4 .39 4e,20 55 .41 .05 .73 401 .7 
MUST DRILL 33 HECG 3 8 .64 3 .41 - .02 .70 e .55 37 .5 54 .40 .NV .68 36 .2 
POST DkILL 33 IiECJ 4 7 .68 3 .51 .19 .64 15 .18 59 .21 45 .54 .18 .86 30 .3 
DUST DRILL 33 HECM 5 8 .54 3 .43 .lnH .67 9,61 37 .06 53 .33 .11 .69 35 .9 
POST DRILL 33 BECP 6 7 .76 3 .49 .27 .64 14 .69 40 .80 44 .51 .17 .92 29 .6 
POST DRILL 14 BECV 1 7 .13 3 .42 .52 .bd 16 .5H 46 .33 35 .17 .20 1 .37 24 .3 
POST DRILL 14 dECY 2 6 .71 3 .29 .b3 .78 19 .14 50 .86 30 .00 .24 1 .7b 19 .6 
MUST DRILL 14 f3EUb 3 8 .24 3 .32 .15 .68 7 .29 43 .34 49 .37 .its .ts8 30 .2 
POST DRILL 14 tIEUE 4 7 .01 3 .36 ,58 .68 17 .83 47 .48 34 .69 .22 1 .37 23,4 
POST DRILL 14 HEOM 5 b .4b 3 .31 .bfd .72 15 .58 51 .47 32,95 .lti 1 .56 21 .t3 
POST DRILL 14 BEOK 6 6 .85 3 .27 .61 .77 1b .76 52 .78 30 .46 .2e 1 .73 20 .5 
DUST DRILL 24 HDUY 1 8 .03 3 .46 .19 .66 8 .78 44 .00 47 .22 .10 .93 3d .1 
HOST DRILL 24 HDVB 2 8 .40 3 .38 .10 .67 6 .92 42,31 50 .78 .H7 .83~ 34,1 
PUNT DkILL 24 dUVE 3 8 .94 3 .25 - .07 .68 3 .50 36 .33 60 .17 .d4 .60 36,1 
FAST DRILL 24 BUVH 4 7 .88 3 .4b .22 .65 12 .96 4b .97 46 .e7 .15 .89 26 .4 
POST DRILL 24 tiUVK 5 7 .12 3 .48 .28 ,65 14 .35 41 .3 44 .35 .17 .93 28 .4 
F'UST DRILL 24 HuvN b 0 .54 3 .39 .01 .69 8 .47 37 .48 54 .05 .09 .69 33 .6 
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TALE 2 

PER tuD STA SAMP KEN MEAN S .U . SKEW KURT SAND SILT CLAY SA/MUU SI/CL >10 .6 

PERCENTS RATIOS 

POST DRILL 24 HDVU 7 6 .97 3 .55 .48 .63 28,32 35 .b4 36,b3 .40 .96 24 .0, 
POST DRILL 34 UDwM 1 8 .00 3 .29 .30 .65 4 .22 49,92 45 .86 .04 1 .09 e9 .7 
POST DRILL 34 BOOK 2 6 .44 2 .89 .69 1 .39 7 .85 69,6 22 .49 .08 3 .14 14 .4 
DUST DRILL 34 8DWN 3 9 .05 3,10 - .00 .67 1 .08 39,78 59,14 .01 .07 3b .6 
POST DRILL 34 6DwQ 4 6 .84 3 .25 .62 .83 14 .35 56 .60 29,04 .17 1 .95 20 .5 
POSE DRILL 34 bDwT 5 7 .26 3 .29 .5b .72 8 .48 56 .6 54 .67 .09 1 .64 24 .3 
NUS1 DRILL 34 dUww 6 8 .05 3 .55 .15 .1)5 11 .64 4e .49 47,b7 .13 .85 53 .E 
POST DRILL 34 8DwL 7 7 .86 3 .25 .40 .0 5 .25 5a.,24 44,52 .0b 1 .13 26 .4 
PUSS DRILL 44 BEHJ 1 8 .34 3 .50 .04 .69 9,42 39 .be 51 .59 .110 .76 34 .7 
PuST DRILL 44 8EHM 2 8 .81 3 .29 - .02 .68 5 .80 3e .72 55 .48 .06 .70 57 .3 
POST DRILL 44 BENP 3 8 .22 3 .51 .09 .67 13 .08 37 .13 49,74 .15 .75 33 .7 
POST DRILL 44 GEMS 4 8 .26 3 .42 .13 .68 1 .95 39 .75 49 .30 .12 .61 13 .3 
MUST DRILL 44 bEhV 5 8 .85 3 .27 .01 .67 5 .14 38 .1 5b,24 .o5 .69 40,6 
MUST DRILL 44 dEHY 6 6 .96 3 .4e .53 .71 17 .97 47 .33 34 .7 .22 1 .3b 22 .4 
MUST GRILL 35 BEUw 1 7 .21 3 .sy .49 .7b 1 .67 47 .34 37 .99 .17 1 .25 22,7 
POST DRILL 35 BEU1 2 b .27 3 .29 .67 .99 28 .41 47 .4 ?4 .35 ,40 1 .94 17 .1 
NEST DRILL 35 bEUw 3 7 .69 3 .44 .35 .68 9 .44 46 .36 42 .2 .10 1 .15 e8 .5 
POST DRILL 35 bEUZ 4 b .b5 3 .24 .62 .dH 1y .29 54 .25 26 .46 .24 2 .05 1n .5 
POST DRILL 35 bEtC 5 7 .45 3 .46 .23 .67 9 .11 44 .45 46,44 .1"1 .96 30 .6 
NuST DRILL 35 BEEF 6 8,61 3 .44 - .06 .69 7 .08 40,09 52 .43 .e8 .76 52 .5 
POST DRILL to BEEN 1 6 .65 5 .35 .55 .15 1 .43 49,56 31 .49 .23 1 .55 24 .4 
PUSI DRILL 16 btEP 2 6 .53 3 .33 .0b .67 5 .38 41 .95 5 .67 .06 .80 34,1 
MUST DRILL lb 6EE5 3 6 .78 3 .39 .55 .71 e5 .22 42,66 52,11 .34 1 .35 20 .0 
PUSI DRILL lb HEEV 4 7 .69 3 .52 .19 .68 14 .4b 3b .09 47 .42 .17 .80 31 .1 
NEST DRILL 16 bEtY 5 6 .95 3 .45 .48 .71 22 .25 44,57 33,14 .29 1 .34 2e .4 
MUST DRILL 16 dEFb 6 6 .96 3 .47 .52 .6b 25 .10 38 .d5 36 .2b .34 1 .0 23 .5 
NuST DRILL 2o Huxi 1 7 .83 3 .36 .32 .67 6 .3n 44 .27 44 .35 .0 1 .11 2a .3 BUST DRILL 26 bDxL 2 6 .23 3 .44 .11 .64 8 .85 41 .19 49 .85 .1e .83 33 .4 
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1AdLE 2 

PERIOD $TA SAMP KEN MEAN S .U . SKtW KURT SAND SILT CLAY SA/MUD SI/CL >l0,b 
00000 0000060*000000 00060600* . 

PtKCENTS KaIIUs 

MUST DRILL 26 dUXU 3 8 .81 3 .19 .03 .67 3 .24 40,97 55 .80 .03 .73 36 .2 
HOST DRILL 26 bDXk 4 7 .11 3 .34 .55 .71 13 .47 49,24 37 .25 .16 1 .32 22 .7 
POST DRILL 26 HUXU 5 7 .03 3 .32 .57 .71 14 .96 48 .92 36 .12 .113 1 .35 11 .1 
PUS1 DRILL 26 8UXX 6 7 .44 3 .44 .39 .66 15 .76 43 .13 41 .11 .19 1 .05 26 .z 
DUST DRILL 26 BUYA 7 7 .02 3 .2b .62 .74 12 .e1 54,75 33 .23 .14 1 .b5 22 .1 
POST DRILL 36 dUYK 1 8 .d7 3 .22 - .02 .66 e .91 40 .88 56 .21 .03 .73 37 .4 
POST DRILL 36 8DYU 2 9 .21 3 .08 - .08 .68 1 .1b 37 .60 61 .22 .01 .bl 4,6 .4 
POST DRILL 36 dOYX 3 8 .99 3 .30 " .13 .68 4 .48 35 .60 59 .9 .b5 .59 38 .c 
DUST DRILL 36 HULA 4 6 .bd 3 .16 .63 .90 19 .46 53 .61 26 .93 .L4 1 .99 11 .4 
DUST DRILL 36 BU1D 5 7 .46 3 .44 .416 .67 13 .17 4b .75 40,08 .15 1 .17 26,4 
MUST DRILL 36 bUZG b 6.58 3.2b .65 .86 28 .e1 44 .6e 2b .56 .40 1 .68 17 .3 
POST DRILL 36 BuZJ 7 6 .83 3 .15 .b2 .87 13 .2 57 .97 28 .63 .15 2 .01 1b .6 
PUS( DRILL 46 dEIb l 6 .d0 3 .25 .58 .85 17 .03 55 .03 27 .94 .421 1 .91 19 .5 
HOST DRILL 46 BEIE 2 e .52 3 .37 .e5 .6n 6 .15 41 .46 52 .40 .07 .79 35 .e 
POST DRILL 46 bEIM 3 b .77 3 .25 .k)1 .bb 4 .47 4e, .4b 55 .07 .HS~ .73 36 .4 
POST DRILL 46 dEIK 4 6 .19 3 .47 .11 .67 8 .48 42 .14 49,3 .e9 .85 32 .4 
MUST DRILL 46 FEIN 5 8 .12 5 .42 .17 .67 1e .11 42 .17 47 .72 .11 .88 29 .8 
DUST DRILL 46 BEIW 6 8 .e9 3 .57 .12 .66 13 .30 3 .13 48 .57 .15 .18 35 .3 
POST DRILL 37 8EFM 1 1 .66 3 .17 .46 .73 5 .67 56 .43 37 .94 .06 1 .49 24 .7 
MUST DRILL 37 bEFK 2 7 .13 3 .53 .48 .b4 22 .10 39 .75 38 .15 .2a 1 .04 26 .2 
DUST DRILL 37 dEfN 3 8 .23 3 .41 .16 .66 8 .82 42 .85 48 .35 .ld .89 33 .1 
MUST DRILL 37 dEFU 4 6 .e8 2 .89 .66 1 .40 27 .86 52 .24 19,90 .39 2 .63 15 .5 
PuST DRILL 37 eEfT 5 5 .58 2 .610 .72 1 .65 35 .41 44 .39 17 .20 .5e 2 .87 11 .1 
DUST DRILL 37 UEFw 6 9 .20 3 .06 - .b5 ,b9 1 .55 3 .93 59 .51 .N2 .b5~ 3d .y 

t7 
i 
F-~ 
W 
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T~ .̀BLE 3 

MEANS AND STANDARD DEVIATIONS OF THE SIR OR SEVEN GRAB SAMPLES 
TAKEN AT EACH STATION FOR THE RIB MONITORING, 

PRE-DRILLING STUDY USING THE DATA FROM TABLE 1 

Key to Table : 

MEAN Mean 
S .D . Standard Deviation 
SKEW Coefficient of Skewaess 
KURT Coefficient of Excess (Kurtosis) 

X SAID Percentage of total weight is the sand, silt 
X SILT percents and clay categories and is the fraction greater 
X CLAY than 10 .6 phi . 
X >10.6 



TABLE 3 

PRE-DRILLING STATION SUMMARY 

% >10.6 
Station Mean S .D . Skew Kurt X Sand X Silt X Clay PHI 

DS MEAN 7 .61 3 .09 .57 - .93 7 .60 52 .8 39 .6 23 .1 
S .D . .89 .15 .37 .35 5 .3 9 .2 6 .7 10 .7 

N-100 MEAN 8 .00 3 .24 .34 -1 .26 7 .71 47 .5 44 .8 29 .3 
S .D . .52 .07 .22 .67 2 .9 5 .0 6 .7 4 .9 

N-500 MEAN 7 .11 3 .25 .71 - .72 18 .1 46 .8 35 .1 23 .5 
S .D. 1 .05 .12 .49 .53 10 .1 9 .1 13 .3 8 .8 

N-1000 MEAN 7 .48 3 .24 .68 - .58 12 .2 49 .1 38 .8 26 .0 
S .D. .96 .17 .62 1 .04 9 .0 9 .5 12 .7 7 .8 

N-2000 MEAN 7 .21 3 .30 .80 - .65 7 .33 59 .4 33 .3 22 .7 
S .D . .68 .26 .42 .84 2 .3 3 .3 9 .6 6 .2 

NE-1000 MEAN 7 .28 3 .19 .71 - .73 10 .2 53 .6 36 .2 23 .5 
S .D . .86 .19 .49 .83 3 .5 9 .6 11 .0 7 .3 

E-100 MEAN 7 .57 3 .26 .54 -1 .15 7 .73 53 .2 39 .1 25 .3 
S .D . .32 .06 .17 .19 1 .9 4 .6 4 .6 3 .1 

E-500 MEAN 7 .73 3 .25 .45 -1 .15 8 .33 50 .1 41 .6 26 .8 
S .D. .55 .06 .27 .22 2 .2 6 .6 7 .8 5 .0 

E-1000 MEAN 7 .85 3 .31 .36 -1 .26 9 .71 47 .2 43 .1 28 .6 
S .D . .49 .08 .24 .22 2 .5 5 .6 6 .8 4 .8 

C 
I 
r 



TABLE 3 

PRE-DRILLING STATION S1JMIIHARY 

X >10 .6 
Station Mean S .D . Skew Kurt X Sand X Silt X Clay PHI 

E-2000 MEAN 7 .93 3 .21 .38 -1 .17 7 .71 48 .4 43 .9 28 .4 
S .D . .70 .10 .32 .24 4 .9 8 .1 9 .9 5 .9 

SE-1000 MEAN 7 .52 3 .20 .58 -1 .00 9 .26 52 .2 38 .6 24 .7 
S .D . .68 .08 .31 .23 4 .4 7 .9 9 .8 4 .7 

S-100 MEAN 7 .89 3 .20 .44 -1 .21 6 .72 51 .0 42 .31 27 .9 
S .D . .51 .15 .21 .15 6 .3 6 .1 6 .4 3 .5 

5-500 IRAN 7 .72 3 .30 .41 -1 .27 7 .89 49 .7 42 .5 28 .8 
S .D. .46 .05 .17 .14 1 .02 3 .8 4 .4 6 .3 

S-1000 MEAN 8 .50 3 .16 .06 -1 .27 5 .36 42 .6 52 .0 32 .7 
S .D . .58 .12 .14 .08 2 .2 5 .8 7 .5 4 .9 

S-2000 MEAN 8 ..48 3 .18 .14 -1 .34 5 .02 43 .5 51 .5 32 .5 
S .D . .23 .05 .10 .04 .82 2 .9 3 .3 2 .6 

SW-1000 MEAN 7 .76 3 .29 .43 -1 .20 10 .6 46 .9 42 .4 28 .7 
S .D . .76 .09 .39 .26 8 .3 4 .6 8 .9 6 .9 

W-100 MEAN 7 .80 3 .14 .50 -1 .03 6 .76 52 .1 41 .1 26 .75 
S .D . .83 .08 .39 .52 5 .0 6 .1 11 .0 6 .2 

W-500 MEAN 8 .20 3 .14 .30 -1 .02 8 .68 43 .3 47 .9 32 .2 
S .D . 1 .12 .15 .54 .84 10 .3 5 .2 14 .1 9 .0 

G 

o~ 



TABLE 3 

PRE-DRILLING STATION SUMMARY 

X10.6 
Station Mean S .D . Skew Kurt X Sand X Silt % Clay PHI 

W-1000 IRAN 7 .90 3 .12 .44 - .97 7 .14 49 .4 43 .5 27 .8 
S .D . 1 .0 .11 .48 .41 4 .8 10 .1 14 .5 9 .2 

W-2000 MEAN 8 .24 3 .23 .16 -1 .21 8 .06 39 .5 52 .4 30 .4 
S .D . .57 .17 .29 .25 3 .4 13 .3 14 .3 3 .1 

NW-1000 MEAN 7 .92 3 .09 .49 -1 .06 4 .65 53 .3 42 .0 27 .1 
S .D . .71 .11 .32 .29 4 .0 8 .7 10 .5 2 .5 

r 
v 
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TABLE 4 

MEANS AND STANDARD DEVIATIONS OF THE SIR OR SEVEN GRAB SAMPLES 
TAKEN AT EACH STATION FOR THE RIG MONITORING, 

POST-DRILLING STUDY USING THE DATA FROM TABLE 2 

Key to Table : 

MEAN Mean 
S .D . Standard Deviation 
SKEW Coefficient of Skewness 
BURT Coefficient of Excess (Kurtosis) 

X SAND percentage of total weight is the sand, silt SILT percents and clay categories and in the fraction greater % CLAY 
than 10 .6 phi 

X > 10 .6 



TABLE 4 

POST-DRILLING STATION SUMMARY 

x )10 .6 
Station Mean S .D. Skew Kurt X Sand X Silt X Clay PHI 

DS IRAN 7 .01 3 .43 .58 -1 .03 19 .0 45 .5 35 .5 21 .4 
S .D . .90 .31 .20 .26 13 .7 10 .3 6 .7 5 .9 

N-100 IRAN 7 .63 3 .37 .43 -1 .23 13 .3 46 .1 40 .6 25 .8 
S .D . .46 .10 .20 .18 7 .1 7 .0 5 .3 4 .6 

N-500 MEAN 7 .38 3 .31 .59 - .90 13 .5 48 .6 37 .9 23 .7 
S .D . .71 .24 .47 .96 4 .8 9 .8 10 .1 6 .8 

N-1000 MEAN 7 .73 3 .19 .51 -1 .06 10 .3 48 .3 41 .4 25 .8 
S .D . .98 .13 .38 .45 11 .5 4 .8 12 .0 8 .2 

N-2000 MEAN 8 .09 3 .11 .40 -1 .16 4 .59 50 .8 44 .6 27 .7 
S .D . .76 .06 .32 .34 4 .5 6 .7 10 .8 7 .7 

NE-1000 MEAN 7 .78 3 .31 .39 -1 .22 11 .2 45 .4 43 .5 26 .7 
S .D . .69 .15 .27 .17 7 .7 5 .6 9 .0 5 .6 

E-100 IRAN 7 .19 3 .21 .74 - .86 10 .4 56 .6 33 .0 21 .3 
S .D . .41 .10 .20 .28 4 .7 6 .1 5 .2 3 .8 

E-500 IRAN 7 .99 3 .33 .31 -1 .35 8 .4 46 .7 44 .9 28 .6 
S .D . .31 .06 .12 .07 2 .9 2 .1 3 .7 2 .8 

E-1000 MEAN 8 .04 3 .36 .28 -1 .37 8 .0 46 .3 45 .7 29 .6 
S .D . .35 .06 .13 .07 3 .6 3 .1 4 .4 3 .8 

C 
1 
r 
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TABLE 4 

POST-DRILLING STATION SUMMARY 

X > 10 .6 
Station Mean S .D . Skew Kurt X Sand X Silt % Clay PHI 

E-2000 MEAN 7 .84 3 .30 .42 -1 .25 9 .3 47 .2 43 .5 27 .8 
S .D . .51 .08 .20 .11 6 .2 2 .6 6 .6 5 .1 

SE-1000 MEAN 8 .30 3 .35 .13 -1 .38 11 .5 38 .8 49 .7 31 .9 
S .D . .46 .12 .15 .03 4 .8 1 .6 5 .2 4 .5 

S-100 MEAN 7 .22 3 .31 .64 -1 .00 15 .4 49.1 35 .4 22 .3 
S .D . .52 .06 .23 .24 4 .2 3 .4 7 .1 4 .4 

S-500 MEAN 8 .15 3 .35 .18 -1 .34 11 .9 39 .6 48 .5 30 .1 
S .D . .60 .13 .20 .07 8 .1 3 .4 7 .5 5 .0 

S-1000 MEAN 7 .68 3 .20 .52 - .97 7 .6 51 .9 40 .5 25 .6 
S .D . .91 .18 .45 .61 4 .5 10 .4 12 .5 8 .9 

S-2000 MEAN 8 .31 3 .30 .15 -1 .30 10 .4 40 .1 49 .5 31 .7 
S .D . .66 .09 .26 .15 4 .8 3 .7 7 .8 6 .5 

SW-1000 MEAN 7 .44 3 .32 .52 -1 .00 14 .7 47 .0 38 .4 24 .4 
S .D . .89 .07 .42 .48 8 .1 4 .7 11 .2 7 .8 

W-100 MEAN 7 .41 3 .36 .50 -1 .10 18 .5 42 .6 38 .9 24 .2 
S .D . .68 .07 .28 .23 7 .6 4 .2 8 .9 6 .5 

W-500 MEAN 7 .74 3 .29 .42 -1 .19 10 .7 46 .8 42 .5 26 .1 
S .D . .65 .09 .27 .18 4 .7 5 .1 8 .1 6 .3 

G 
1 
N 
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TABLE 4 

POST-DRILLING STATION SUMMARY 

X > 10 .6 
Station Mean S .D . Skew Kurt % Sand X Silt X Clay PHI 

W-1000 MEAN 7 .78 3 .18 .45 - .94 11 .9 45 .3 42 .8 26 .8 
S .D . 1 .24 .13 .53 .46 10.0 8 .2 16 .0 12 .0 

W-2000 MEAN 7 .97 3 .37 .31 -1 .26 9 .9 43 .2 46 .8 29 :9 
S .D . .77 .21 .36 .34 4 .6 6 .0 9 .7 7 .0 

NW-1000 MEAN 7 .37 3 .13 .69 - .54 16 .6 46 .6 36 .8 23 .5 
S .D . 1 .32 .25 .65 1 .14 13 .0 7 .2 16 .3 12 .1 

C7 
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APPENDIX E 

INVERTEBRATE EPIFAUNA AND MACROINFAUNA 

List of Tables 

Table Page 

1 List of Macroinfaunal Species and Their Abundances E-2 
for Each Replicate Grab . Species are Ranked by 
by Abundance . (Data are arranged with Pre-Drill 
followed by Post-drill .) 

2 List of Invertebrate Epifaunal Species and Their E-67 
Abundances for Each Trawl Collection . Species 
are Ranked by Abundance . (Data are arranged with 
Pre-Drill Followed by Post-Drill .) 
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TABLE 1 

LIST OF MACROINFAUNAL SPECIES AND THEIR ABUNDANCES 
FOR EACH REPLICATE GRAB . 

SPECIES ARE RANKED BY ABUNDANCE 

Explanation of Table 1 : 

RANK Species ranked by total abundance in all six replicates 
REPLICATE Number of individuals in each replicate 
TOTAL INDIVIDUALS Total number of individuals in all six replicates 
TOTAL OCCURRENCES Number of replicates in which the species occurred 
DIVERSITY Shannon-Wiener diversity index 
PIE Hurlbert's Probability of Interspecific Encounter 
EQUITABILITY Lloyd and Ghelardi's measure of evenness 



TABLE 1 CONT.'D 
SIATInN t THANSECT RIG PEKInp PRE:-RIG 

kf.PLICATE TOTAL 

RANK SPECIFS 

1 NEPHTYS INCISA 10 3 2 7 16 38 S 
?. PAFtAPKjf1NOSPIO F'INMATA 4 5 4 7 9 ?9 5 

3 AMPFLISCa nrASSJZI i 1 3 21 26 
4 NE"iERTINFA 2 2 Z 9 f5 
5 E11DOHELI A HUNUUUM l 1 3 u 6 15 5 
6 SPIONiDAE 1 1 6 5 13 11 

7 NbTUMASTUS CF LATERICEIIS 1 1 6 3 2 13 5 
g pqKAC1NI3 GRACILIS 2 1 
9 CONBULA CnNTRACTA 3 

14 MAGELUNA LIINGICURNIS 1 1 2 3 1 2 1N b 
11 CnsSURa DELTA 2 2 2 1 ? 9 5 
12 MEl)IUMASTUS CALIFOkNIENSIS 1 2 1 1 4 9 S 

13 l.(IMKHINERIB PnkvAPF:[?ATa 1 1 5 7 3 

14 NEKEIi) (NICUN) SPA 1 1 S 7 3 
15 MAGELf)iJA FtOSEA q 1 l l 7 
th SIGAMHRa TEri1ACULnTA ! ? 2 2 7 '+ 
17 TYPHLAF'SFl1DES SPH 7 
IN AMPELISCA ABOITA 2 U 6 2 
19 PlNNOTr+ERIDAF t ? 3 6 3 

PAI2AOtJII)AE 1 3 4 2 

21 AHPELISCA VEkNILI.I 1 2 3 2 

22 MALaCOCFkUS SP 2 1 3 
23 Pol.roURn LIGNI 3 3 1 
24 AUTOMATE . EvEKMANNI 1 
25 TNAHYx nNNULnSUS 
26 CIkRo1PHUKUS LYRIFORMIS 1 1 



TABLE 1 CONT.'D 
kEPLICAIF TOTAL, 

RA14K SPECIES 

27 111+IL&4EItEtS MAGNA 
L E! hONAASUIS CF AMEFt1f.ANUS 
?.4 AkHANDjA MACI!LAlA 
3H L]STft(EILA NAItNARI)1 
31 0EPNTY1UaE 
3? A(;L I 4 SP 
53 SCOLELENIS 1ExaNA 
;4 pAk4(1NIS SP 
35 P(ILrNOII)AE 
;l+ Af*LAUPNAMII9 C I kC I PIA T A 
:S7 SiPl1:vCULA 
38 CAN I TEL1 . II)AE :3NC 
;y CIRR ATM 11) AF 
40 F+AItAqN1hE`3 I.YKA 
41 AMCt :31kU5rLLIS JUrIESI 
112 (.0mIAUA TtkES 
43 5tNENEl.AI3 BOA 
44 F'()LYCMAE TE SPA 
tt5 GI .YCERA CAPT Ta TA 
yh I:IINF.PIACII)AE 
47 CHAF TUZhIaE Sf T(1 :i4 
qH fIFir L I A SPA 
ply SCE+I 3 I t~t-+F k 1 NGr1S RIIpOLPH 1 
5!a SPIOPt1ANE5 +NTGlEY1 
til (INH I11kuIDEn 
'i2 VITIt1NElLA fI..ONIIIANA 
5 :S nsvr.His SP 
Y1 HTNOE N11;KIPFS 

l t ? 2 
? ? 1 

2 2 1 
1 1 ? 2 

?_ ? 1 
2 2 1 

2 1 
? 1 

1 1 ? 2 
2 2 1 

z 
1 1 1 

t t 1 
l 1 1 

1 1 1 
1 1 1 

1 1 1 
1 1 1 

1 1 1 
1 1 1 

1 1 1 
1 

1 
1 1 
1 1 

1 1 1 
1 1 I 

1 1 1 
1 1 1 

f 1 1 

as i r 
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TABLE 1 CONT.'D 
STATION 30 TRARSECT WIG PERIOD PRE-RIG 

REPLICATE TOTAL 

FLANK SPECIES 1 2 3 4 5 6 INDIVIDUALS pCCiikRr_niCFS 

1 NEPNTYS INCISA 4 7 12 U 13 17 57 b 
2 PAkAONIS 6RACILI9 1 2 5 18 1N 36 5 
3 PARAPRjON03P1U PINNATA 15 4 3 7 6 35 5 
4 AIAPEL I3C A AGAS3I Z I 20 1 6 1 ?8 u 
5 MEUIOMASTUS CAtIFQRNIE.NSIS 1 2 3 1N 8 24 5 
6 TEINOSTOMA 9ISCAYNFNSE 19 19 1 
7 I.IIMHRINERI3 PAkVAPEDATA 7 4 2 13 3 
8 NEMERTINkA 1 4 1 3 3' 12 5 coo 
q EIIqORELLA MONUUUN 5 1 U l 1 12 5 0 

lb SPIpNIDAE 7 1 2 1H 3 
11 COSSUNA DELTA 1 1 3 3 1 Q S 
12 MINU3PI0 CIRkIFERA Q 9 1 
13 siGAMHRA TENTACULATA 2 u 3 q 3 
14 CAPITELLInAE SPC 2 1 2 3 A 
15 NOTuMASTU3 CF IATERICEUS 3 2 ? 7 3 
16 AttM4VptA MACULATA 2 1 1 1 1 6 5 
17 AMPELISCA AHDITA 4 2 t+ 2 
18 NATICIOAE 1 1 1 2 S 
19 AMPELISCA VERftILLI 2 1 1 1 S 4 
20 AUTOMATE EVEFtMAtdNI 1 2 1 4 3 
21 TH4RYx MARIONI 2 2 u 2 
22 DRILnNENEIS MAGNA 2 1 1 p 3 
23 MALACOCEttt)y SP 1 2 3 2 
24 DIIIPATRA CUPftEA 1 2 3 Z 
25 nPMIUr2010EA 1 1 2 
26 TEI.LINIOAE 1 1 2 



TABLE 1 CONT . 'U 
27 ALPNEIUaE 2 2 1 
2H TYPHLAPSEIIDES ~SPN 1 1 2 2 
29 MAGELUMA itt13EA 1 1 2 2 
3d AEOICIKA HELGICAE 1 t 2 2 
31 TNAR1fx AWNUL03U3 
32 HINOE NIGRIPES 1 1 Z z 
33 Mal.aCOCEKUS iNUICUS ? 2 1 
34 ACLIS SP Z 2 1 
35 Al.PMEU3 SP 1 1 1 
36 ARICIDEA JEFFFtEY3II 1 1 1 
37 TRACHYPENAEUS SIMILIS 1 1 1 
39 LEPInA3Tf1ENIA SPA 1 1 1 
39 IISTRItLLA IiARNARUI 1 1 1 
qH NnTQMASTUS AMEkICANU3 1 1 t 
41 ANCISTR03YLLI3 GROENLANI)ICA 1 1 1 
42 M4GELONA LtINGIC012NIS 1 1 1 
43 NFREID (NICON) SPA 1 1 1 
44 CAPITELLIbAE t 1 1 
45 Sfc1LELEPIS TEXAtiA 1 1 1 
46 TEREdELIIDAE 1 1 1 
47 SIGAMNNA HASS1 1 1 1 

49 VITRINELIA FLORIDANA 1 1 
49 PJuNC1THEKIDAE 1 1 1 
SN LUMNRINERIS TENUIS 1 
S1 ANCI3TRUSYLLIS JUNE3I 1 1 1 

N0, OF SPECIES 19 11 20 15 28 ?S 
140, (1F INDIVIDUALS 51 21 72 28 118 75 365 

STATION TKANSECT SPECIES INnIViDUALS DIVERSITY PIE E«UITANIIITY 
30 RIG 51 365 4,6075 ,9376 .7?55 

1 

ra i 
V 



TABLE 1 CONT . `D 
STATION 3? tRANSECT RIG PERIOD PkE-WIG 

REPLICATE TOTAL 

kANK SPECIES 1 ~ 3 4 5 6 INDIVIDUALS itCC~lkRFraCES 

1 NEPHTYS INCISA 1 5 7 6 1'5 3 37 6 
2 TYPMLAPSEUOE5 SPH 11 5 1 A 25 
3 PARAPRIONUgPI(1 PINNATA 2 5 2 12 3 1 25 6 
V EUD(1KEl.LA MONOUUN 2 7 4 6 19 4 
5 PARAONIS r,RnCII.IS 4 2 1 4 A 19 5 
b CUS3UkA DELIA 2 2 2 2 f+ t 15 6 
7 AMPELISCA AGASSI2I 6 3 3 2 1 15 S 
R MEDIoMASTUS CAL1FORniIENSIS 3 2 5 1H 3 
9 MAfELOPiA L(INi;ICORNIS 1 3 ? 2 A 4 00 

10 RIINQE NIGRIPE3 1 1 1 1 1 5 5 
11 ARMANUIA MACt1LpTA 1 1 2 1 5 4 
12 SPIONIDAE 5 5 1 
13 THARYX MARIONI 1 1 3 5 3 
14 CORBULA CONTkACTA 3 2 5 2 
15 AMNELISCA AHOITA 3 1 U 
1h AFDICIRA tiELGiCAF 3 l u 2 
17 NEMEkTINEA 1 ? 1 4 i 
iR LUMNNINERIS tENUIS 1 1 1 3 3 
14 wUTuMAST11S CF LATEkICEU5 1 1 1 3 3 
20 htAGELnNA RuSEA 1 1 1 3 3 
21 GQNEPLACIDAE 2 1 3 
2? LUMHNINERIS PARVAPEPATA 2 1 3 2 
23 A+APELISCA VEkR1LLI 1 2 3 
24 CIRROPH()RUS LYkIF(1FtMIS 1 1 2 ? 
25 v1TRINELLA FL4F+IDAMA 2 2 1 
26 S1rA«k+HQ TEruTACULATa 1 1 2 ? 



TABLE 1 CONT . `D 
REPLICATE TOT AL 

1 2 3 4 5 6 INOIVIbUALS OCCURFtENCE3 RA NK ;: SPECIES 

27 CAPItELLIDAE SPC 2 
26 3pI0PHANES wIGLEYI 1 1 2 2 
29 CARiUEA 2 2 1 
3~A PAHAONIS SPA 1 1 1 
31 NEREID (NICON) SPA 1 1 
;2 MINUSPIO CIRRIFERA 1 1 
33 MALACOCEkOS VANDERHORSTI 1 1 1 
34 AMPNICTEIS GUNfvERI 1 1 1 
35 MALACOCEROS SP 1 1 1 
36 SCOLELEPIS TEXANA 1 1 1 
37 TEI.LINIDAE 1 1 1 
38 nsYCHIS ELOWGnTA 1 i 1 
39 MINUSPIU LQMGIHRANCNIATa 1 1 1 
qua ALPHEIDAE 1 l 1 
yl LUHf3RINEktDaE 1 i i 
42 nIOPATRA CUPREA 1 1 l 

X13 AC~fINaFtIA 1 1 1 
44 CEKIAtiTHARIA 1 1 1 

NO, OF SPECIES 16 22 10 17 29 10 
NO, OF INDIVIDUALS 40 46 22 48 82 17 255 

to 
i 
10 

STATION TRnNSECT SPECIES INDIVIDUALS DIVERSITY PIE EWUTTAHILITY 
32 RIG 44 255 4 .5377 ,9388 .7955 

1 



TABLE 1 CONT.'D 
STATION 34 T1tANSECT RIG PERIOO PRE-RIG 

REPLICATE TOTAL 

RANK SPECIES 1 2 3 a 5 !~ INDIVIbuALS c~CCUkKENCE3 

1 TYPHI.ApSEUllE3 SPB 1 1 4v1 A 5N 4 
2 NFPHTY3 INCI3A 13 5 7 A 2 5 uv+ b 
3 pARAPKIONOSPItI PINNATA 2 2 1 15 7 5 32 b 
4 COkHU1.A CUNTRACIA 2 1 16 l ?N u 

5 EuuORELLA MUNnDUN Z 3 3 u 3 15 5 
6 NEMEk1INEA 2 2 4 3 2 13 5 
7 AMPELISCA AGASSIZI 1 2 3 1 1 3 11 b 
8 3IGAMEI(2A TENTaCULaTA Z 2 1 1 2 2 10 6 0 
9 +NpTOMASTUS CF LATFHICEUS 3 1 1 2 3 10 
10 AMPELI3CA ABDITA 2 3 2 1 t 9 5 
11 MEDIOMASTUS CALIFUPN[ENSIS 1 3 1 3 1 9 5 
12 AMPEIIsCn vEkHILLI 2 i u 7 3 
13 NEPMTYIOAE 3 2 5 
14 MAGELONA ROSEA 1 4 5 2 
15 Ll1MHFt1NERIS PAkVAPEDATA 3 2 5 2 
ib NTNOE NIGRIPE3 1 1 1 1 4 4 
17 AFtMANDIA MACl1LATA 1 1 2 11 3 
lA NnTICIDaE 2 i 3 Z 
19 LISTRIELLA BAKNARDI 3 3 1 
20 MAGELUNA LUNGICORNI3 2 1 3 2 
21 PAkAUNI3 GRACILIS ! 1 1 3 3 
22 PARAONIDAE 
23 CHASMUCARCINUS MI3SI33IPPIENSIS 1 1 2 2 
24 MINUSPIO CIftkIFERA ? 2 t 
25 TELLINIDAE 2 2 1 
26 QPHtURUIOEA 1 1 2 



TABLE 1 CONT.'D 
REPLICATE TOTAL 

14 A 1 :% S 4 K FF:CIES 1 2 3 4 5 h INf)IV11)UALS ~)CCUNREMCES 

27 acLIS SP 2 ~ 1 
zFi hlU1()MpS(US AMEkICANUS 2 ? 1 
29 Cnsv1itr A DELTA 1 1 ? 
; :1 ANCiSiN(1 ;iYLlTS F'APILI.(1SA 1 1 1 
31 F'AknfiMiS SPA 1 1 1 
32 F' :iEI ll)tI1kY1HqE AtiHIGIIA 1 1 1 
33 PnkAUNIuE9 LYIlA 1 1 1 
34 CnNt TE:t.I.I(>nE SNiA 1 1 1 
35 DWI1.11riENE I S MAGNA 1 1 1 
36 MALnCOcFNUS INOlCUy 1 1 1 
W 'iIGM4NNA NASS1 1 1 1 
Sg f,ANI1FLLI(1AE SF'C 1 1 1 
3`) f1I(1PAtKA CIIPN.EA 1 1 1 
4A Alltl)MA1F EVEHMAtvNI 1 1 1 
41 Sl,1IILLA CNYDAf A 1 1 1 
4? LIJMtWIn+FRlUAE 1 1 1 
U S tiRAl)A %N 1 1 l 
uu NOTOMnSTUS SP 1 1 1 
14 5 L1 .~ .\i12(aF.kIS TF.NUIS L 1 1 
qb rIRkUPH0M15 LYkIFOkt1IS 1 1 1 
117 T1+nRYx a+nR1nN1 1 1 1 
yR jR,ACNYNENAEII!i SIMIll3 1 1 1 

No, OF SPtCTES 2? 18 19 22 17 t3 
40, (jf INDIVIDUALS 4t 39 33 115 41 27 29h 

A F I ill) IkANSfC] a SI SPECIES INOWDUALS DIVERS I I Y P I F E (31) 11 AB I L I I Y 
314 RIG 411 296 4 .4490 .9?7S hR713 

I 



TABLE 1 CONT.'D 
STATION 36 TRAN3ECT RIG PERIOD PRF-RIG 

REPLICaTF TOTAL 

HANK SPECIES 1 2 3 4 5 6 INOIV1Dl1ALS OCCURRENCES 

1 PARAPRjONOSPIO PINNATA 6 8 S 21 13 53 5 
2 NEPNTY3 INCI3A 6 6 1 3 8 6 30 6 
3 MEUI(1MASIUS CALIFURNIEN3IS 1 4 2 8 3 4 22 b 
4 PARAONIS GRACILIS 2 6 7 2 5 27. S 
S AMPELISCA ABUITA 1 2 4 6 6 19 5 
b EUDORELLA MbNUUON 3 1 3 9 3 19 5 
7 AMPELISCA AGASSIZI 1 4 4 7 16 4 
9 NEMERtINEA 1 2 5 1 6 15 5 
9 LUMt3ktNERI3 PA(tVAPEDATA 2 1 3 2 3 11 S 

IN SIGAMI3kA TENTACULATA 1 3 4 3 11 '4 
11 AMPELISCA VERR1LlI 1 1 1 5 2 1N 5 
12 ARMANpIA MACl1LATA ? 3 1 2 2 1N 5 
13 ACLIS SP K 
ly C()SSURA DELTA 1 2 1 2 2 1 9 6 
15 CaPITELLIaAE SPC Z 2 3 2 y y 
16 THARYX MARIUfJl 2 5 2 q 3 
17 NATOMASTUS CF LATEHICEUS 1 3 1 1 b 4 
18 COHgULA CUNTF2ACTA 1 3 2 b 3 
19 MALACOCEROS INUIClJ3 2 3 5 2 
20 NEKtID (NICUN) SPA 
21 AEnICIRA BEIGICAF 1 3 4 2 
22 pNCISTFtiISYLLIS JONESI 1 1 2 4 3 
23 3PIONIDAE 1 2 3 2 
24 TYPNLAPSEI)DE3 SPH 3 3 1 
25 TELLINIDAE ? 1 3 2 
26 MIyUSPIO CIRRIFEkA 2 2 1 



TABLE 1 CONT.'D 
2l NA I ICiDAf 1 1 2 2 
2y Mpr,FL0Na LONGICIIRNI3 1 1 
29 Nk.NNFY1DAE 2 ? 1 
31 t.I3iKIkLIA 14Af2NARl)I 2 2 1 
31 CANITFt.LIDAE ? ? 1 
3? VtILVULELLA TEXASIANA 2 ~ 1 
33 S I PUFJCULA 1 1 ? 
34 PINNOTNEkIpAE 1 1 ? L 
35 MAGELONA N03EA 1 1 2 2 
3h 3A1IILLA CHYDAEA 1 1 1 
37 OR I IuNE KE 13 MAGNA 1 1 1 
;h ruNEPLACIi)AE f 1 t 
39 f)NEL I A SPA 1 1 t 
44+ SPIOPNANE3 dnMhYX 1 1 1 
41 NRApA SP 1 1 1 
42 LEIO01HUS SPA t ~ t 
43 (INM11140111EA 1 1 1 
UPI PAItA(1NIDAf_ 1 1 1 
413 AM1'NlPUI) SPA 1 1 1 
qh FI1Ak Ct1kUATU9 1 1 1 
47 111t1PAT1+A CUF'REA l 1 l 
111 #1 NUCULANA AC(JTA 1 1 1 
44 NIidllf. NIGKIWF3 1 1 1 
SN CIKI+UPNORIIS LYkIFOkMIS 1 1 l 
51 MALACOCFRb5 SP 1 1 1 
52 5COLELFPIS 1E.XANA. . 1 1 1 
53 A1iTnMaTE FVEi?MnNNI 1 1 1 

OF SPEC IES ?5 23 12 24 23 23 
Nil, OF JN0IVI011ALS 42 53 19 79 82 77 352 

tit 
i 

F-~ w 

STATION TkANSECT SPECIES I14I)1V1DUnL3 DIVERSITY PIE ErJUITAfiII.ITY 
3b ItIG 53 352 4 .7030 ,9471~1 .1425 



TABLE 1 CONT.'n 
STATION 10 TNANSECT RIG PERTOO POST )RILL 

REPLICATE TOTAL 

RANK SPECIF3 1 2 3 n 5 6 INnivIi~ua~S oCC~~HKEwCFs 

1 AMPELIgCA AGASSI2I 5 16 4 6 b lH 47 6 
2 C(133URA DELTA 6 10 3 4 13 36 5 
3 PARAPRIONUSPIO PINNAT4 5 1H 7 4 ? b 34 h 
U 3PIONIUAE 1 1P 3 6 9 3 3? b 
5 NOTOMASTIJ3 CF IATERICEIIS 6 6 7 4 ? 3 28 6 
6 NEPHTVS INCI3A 3 A 2 3 4 3 29 h 
7 PARAONI4 GRnCILI3 5 5 << n 6 24 5 
9 AMPELISCA AHDITA 5 3 6 5 2 3 24 t+ 
9 MEDI(IMASTUS CALIFORNIENSIS 8 4 1 B 3 24 S r 

10 f.UDQRELLA MUN(1DON 5 7 2 2 3 5 ?U h 
11 ARICIUEA JEFFREYSII lA 1 2 1 6 20 5 
12 AHPELISCA VERRILLI 2 7 4 1 3 2 19 6 
13 3tGAM9itA TENTACULATA 2 8 3 3 1 17 5 
14 NEMEkTINFA 2 6 3 3 3 17 5 
1S COKBULA CF CONTRACTA 6 5 1 12 3 
16 LUMk1RINERI3 PAkVAPEDATA 1 3 1 2 3 10 S 
17 MAGEIONA LUNCICl1RNIS 1 1 2 3 7 v 
18 GONEPLACIUAE S 5 1 
ly CIkRUPNORU3 LYK1F()RMI3 2 1 1 4 3 
20 NATICA SP 1 1 2 y 3 
21 ARMANDIA MACULATA 2 2 4 2 
22 THARYX ANNULUSUS 1 ~ 3 
23 NINpE N1GfiIPES 1 Z 3 
zu viTkiNELLA FLORIt1ANA 2 1 3 Z 
25 MAGELUNA ROSEA 2 1 ; 2 
26 1)PHIl1RO1pEA 1 1 1 3 3 
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TABLE 1 CONT.`D 
STATION 12 TkANSECT RIG F'ER1M) POST-OR1l_l 

REPLICATE TOTAL 

RANK SPECIFS 

a aMpFLISCA aGASSIZi 5 7 1 3 A 39 63 
2 NEMERTINEA 2 2 4 4 17 4 33 6 
3 AMPELISCA VERRJILI 6 4 1 7 b 6 30 h 
U PAFtAF'RIONUSf'IO PJNNATA 4 5 8 1 Z 9 29 6 
5 AMPELISCA AHUIT.A 6 5 1 6 9 27 5 
b MEDIUNASTUS CALIF()FtNIFNSIS 6 2 V 2 2 6 ?2 6 
7 NUTt)MASTUS CF LATFRICEUS 3 u 11 n 22 4 
h SPIONIUAE 12 5 17 2 
4 PAkAONIS GRACILIS 5 1 3 2 2 2 15 6 

10 EUDnRELLA MnNpDuN 7 2 3 3 15 
ii VITRINELLA FLqNIbaNA 1 1 1? 14 3 
12 NE.NHTYS InICISA 3 2 3 2 3 13 5 
13 L11MHRINERIS PAkVAPEDATA 2 3 2 1 U 12 5 
14 SIr,4MHNA TENTACULATA 3 5 1 2 ii U 
15 SPtOPHANES SPA 1 2 3 3 2 11 5 
16 COkBOLA CF CnNTRnCTA 1 1 6 1 4 u 
17 MAGELONA LONGICUftNIS 1 2 1 2 1 7 5 
18 COSSURA DELTA 1 2 1 1 ? 7 5 
ly vENERIUAE u 1 5 2 
20 ARICIUEA JEFFREYSII 1 1 Z 4 3 
?1 TNNRYX MARIUNI 1 3 4 2 
22 AkAanfnIA MaCULATn 1 2 1 4 3 
23 an!CISTkosrLLIS JONESI 1 3 a 2 
24 wULYDf1RA CF CONCHARIIM 3 3 1 
25 rlIivQE NIGKIPEB 1 1 1 3 3 
26 LOvE+vELLA GFtANUIS 1 1 1 3 3 



TABLE 1 CONT.'D 
REPLICATE TOT AL 

Knhh SPEC IE:S 
9 

1 
0* 

~ 
ooo*00000 

3 u 
goo* 

S b INDIVIDUALS OCCIIRRENCES 

?7 OR1LUNEkFJS MAGNA 1 1 1 3 3 
fit) nFuICIRA iAELG1CAE 1 2 3 2 
29 SIPU14CIlLA 2 1 3 ? 
3 0 AHHn At 0iinL I S 2 2 1 
SI NII.YDt1i2A L1GNI 2 2 1 
32 u "vUNN I UAt. 1 1 1 ? 
33 ALPi1F.US FLt112lunMUS 1 1 2 l. . 
34 SIGAi4NRA SP 
35 Mn11Cn PIOSIILn 1 1 2 r 
36 :3P1[IHNArIFS NTc;l.EY1 2 ? 1 
37 CURyUI_A CAI4IknEA 1 1 ? 1 
SK "tAGEI.MjA kl.lSFA 1 1 2 2 
S4 APSEIIUF3 SPA 1 1 2 
ta tA qF RF L S SPA 1 l 1 
ql nkAl)A SP 1 1 l 
42 EcfiINnpFkMATA 
143 4l f tHf.ilS SP 1 f 1 
y4 MF GAL(IMMA CF (,IUAnft TUf,UL A T UVA I 1 1 
ri5 CNASN1iWANCIMUS hiISSISSIPHIEN9l5 
46 GONEI'l,Af.lf>AE 1 1 1 
u% PAkAri,)pl.Ia iNU1Ga 1 1 
qH nMPH1ClE.iy f:OaNERI 1 1 I 
149 CIk14ON11111013 L.Yk1FOlkMi8 1 1 1 
SO OAALAC()t:F.kO1S TNVICUS 1 Z 1 
':1 1'OLYI)(1Np CF SUCIAI_IS 1 ! 1 
5?. ACLIS SPA 1 1 1 
5 S 1'H I Li1MF OF S SPC 1 1 1 
5'4 AknCNI(IPOD tiPA 1 1 1 
SS PIMLODOCE '411018A 
hh (IA11CA SP 1 1 1 



.'ABLE 1 CONT.'D 
NEPLiCATF TOTAL 

warm SPECIES 

57 P AkhUNIf) At 1 1 1 
5H q1iSINIA ELEGANS 1 ~ 1 
5Q u1I)HATka GuPrrEa 
60 MAI,ACOCEt205 SP 1 1 1 
ht NEREINNTCDNI) SPA 1 1 1 
h? TELI..IWII) AE 1 1 1 
63 ACFINAR1A 1 1 1 
64 LlS1k1fLLA HARMAROI 1 1 1 
65 VOLVULELI.A TFXASIbNa ~ 1 1 

,Nip, nF SPECIES) 3? ?3 23 ;1 20 26 
NO, 01-: 11401V1u11AL3 97 51 S0 79 67 11414 lift? 

M 
r 

STaMIN 11tANSECT SPECIES INDIVI01lAL9 DI VEkSIT1l PIE EfJUT1nNIlilY 
12 ttIG b5 442 4 .8980 ,9119N ,6923 

1 



TABLE 1 CONT. `D 
STATION 14 TRANSECT RIG PERIOD POST-DRILL 

REPLICATF TOTAL 

RANK SPECIES '1 2 3 u 5 6 INDIVIt?UALS oCC~iukFNCFs 

1 NOTUMASTIIS CF LnTER1CE.uS 5 to 13 7 2 5 u? 6 
2 NEPNTYS 1NCi3A 3 H 6 7 9 R ql E+ 
3 AMpELISCA AGAS5IZI 2 13 1 11 6 6 39 6 

aMpELisCA nBpITn t 13 3 u lA 3 34 6 
5 MEI)T014A5TUS CALIFOkNIENSIS 4 5 12 4 7 32 5 
6 PAItAPHIUN(1SPI0 PINNATA 7 7 5 3 b 28 5 
7 ARICICiEA JEFFREY3II 1 11 1 17 2 25 S 
K kUf)fIRELLA M(',NpUpN 2 1? 1 1 6 3 25 h 
9 N4KAOMi3 GRACILIS 2 5 7 2 5 4 25 6 0 

icy CnSSURn DELTA 5 7 1 2 3 3 ?i 6 
11 LUMkR1NERIS PAkVAPEt)ATA 2 6 3 2 5 3 21 6 
1? AMPEI.iSCA VEAKILL1 1 u 3 1 7 3 19 6 
13 SF'IUN1(>AE 6 7 1 1 1 16 5 
14 wf.MEKTINEA 1 2 2 S 1 4 15 6 
15 SNIAPHANES SPA 1 1 It 13 3 
lb YENERiUAE 2 10 1 13 3 
17 MAGELONA LUWGICOFtriIS 1 3 2 2 1 1 1v+ 
18 ARRA AEPUAI.IS 4 5 1 1N 3 
19 C(1RKULA CF CUNTRAf.TA 3 1 5 9 3 
2%4 31GAMHRA TENTACULATA 2 Z 1 Z 7 4 
?t nwEvIA FUSIFOHMfg 1 3 2 f 7 4 
2? OPHIUkOIOF a 1 6 7 2 
23 THAI2YX MAI2IUNI 1 4 5 2 
24 AkMANnIA MkCIILATA 2 1 2 5 3 
25 VITKI~~IFI..LA FLONIRANA 1 3 4 2 
26 NINUE NIrkIPE3 1 1 1 1 4 14 
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TABLE 1 CONT.'D 
VFPLTCATF TOTAL 

' 5NkCIES 1 ? 3 q S b IN~~TVII>uALS r~f,C~iHkFNCE3 K V Aft 

5h MALaCOCF.kOS SP 1 1 1 
ti7 LfNT0CHtLn CF NkRMI11)EW3IS 1 1 1 
5K DIA5IYL1`i 5P 1 1 1 

~0 Lj rIN(lk I A $P 1 1 l 

h~4 I)I0PA1FtA CIIpFtEA 1 1 
hl ;iTNffJEl.AJ3 f11) A 1 1 1 

tit SII;nM4Hn SP 1 ' 1 1 

h3 I.ISIKOLLp RANNAkU) 1 1 1 
h14 F'YCN0401v111A 1 1 1 
e" ti -IIPIIISNIO C1Rf21FfRA 1 1 1 
bh NOIYI)(1FtA CF 5OCIAIIS 1 1 1 
hl GYF'I13 VIi1ATA 1 1 1 
aH cauANn SP 1 1 1 

10t, i-If :iPE.CIE.9 25 31 ?4 22 117 27 
Nil . OF INDIVIDUAt.S 48 1 }3 79 SS ISO 77 5/1? 

ca 
N 
N 

STATI11M ikaNSECi SPECIES INUIVTDIIALg nIVEkSIIY Pit. F.wi1ilnf+iL1TY 
kl6 fib S4? S,0 40 ti ,Q~+y2 .7353 

1 
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TABLE 1 CONT.'D 
~7 E:CNIa(1f)FkMATA 1 1 2 ). 

nLNHEOS FL(11tIVANUS 1 1 
29 LOVENELLh 6kAMMS 1 l 
J-14 A11PHAKEIk,pARViOFt4TATA 1 1 ! 
S1 3IGnAHkn SP t 1 1 
sz ncLIs SPA i t 
33 NiALAfftCEkllg VANVEkNIIF"'ST1 1 1 1 
34 rtALNCOf_FF+i1S INhICUS 1 1 1 
.;5 (:UNtNLAC (I)AE 1 1 l 
Sh V IrdNUTHtkIDAE 1 1 1 
37 WERE111(idICON) SPA 1 1 1 
S +i ARnhE.l_Ln ikICULO1t 1 1 I 
39 AoPNA12F 1 IUAE. 1 1 1 
4A ha f ICn PUSILI_A 1 1 1 
41 D» 1L0NFktAS MAGNA 1 1 1 
X12 AEOICIFtA REI_GICAF. 1 1 1 
A S fiH4liA SP 1 1 1 
y f1 LISTRIELLn NAfttinr+UI 1 1 1 
45 nrvClSTkOSYLLI + JONFST 1 1 I 
11n t_E Pn001,4014Ptin 1 1 1 
n7 CIHW1NriO!+1iS LYR1FOHr+IS 1 1 I 
UH tiTNFf-4ELA15 HIIA 1 1 1 
4 " ) NSHlOf. OrtY C HOf_ 01N 1 GItA 1 1 1 
Spa f'I1LYf)UF2A SP 1 1 1 
51 LI1Mnl2(wfFtIS Tf.t4UIS 1 1 1 
S? iIUC IO1_A EiERl+nTn 1 1 I 
5 3 nrJuPH t OAF: 1 1 1 

n0l , I OF SNEC IF S ?61 ?0 ?.7 1 9 14 ?h 
tit) . OF 10DIv11MnLy 11 118 113 37 i2 E,9 571 

i 
F 

:ilAi [ON IkhM ;iECI SF'Ff.itS Iiviilvii)11ALS 1)IVJEI4SJTY F'IF F13I11 (AIi TLI tY 
ih 14 1 G 53 3714 11 .6910 .9119,4 .7458 

1 



TABLE 1 CONT.'D 
STA1ION 20 THavSECT RIG NERiM) PnST-DRILL 

REPLICATE TOTAL 

HANK SPECIES i 2 3 u 5 ~ INo1vIC~ur.l.s ocr,~~Hk~raCts 

1 PAKAPNIUNASPIO P1NNATA 9 1 11 10 13 44 5 
Z AMPELjSCa ABUITA 5 6 3 9 6 5 3u b 
3 APSEUnE S SPA 4 14 5 6 1 30 5 
11 WFPH1YS 114CISA 5 8 6 3 8 3(A 5 
5 Nt)T()MASTUS CF LATEkICEUS 3 3 1 A b ?_ 23 6 
6 MEr>IuMASTUS CALIFORNIENSIS 1 7 3 6 3 1 21 
7 PARAnNIS GRACILIS 1 13 3 1 1 2 21 b 
N AMpELISCA AGASSIZI 1 2 Z .1 15 21 5 c~ 
9 NEMER(1NEA 3 6 3 3 1 16 5 

ly ARICIUFA JEFFREYSII 9 U 2 15 3 
11 AmNE:LISCA VEHRILLI 1 1 4 3 4 13 S 
12 EUDUKEI.I A MUNOf)ON 2 1 1 2 5 2 13 (+ 
13 C(~SSUHA UELTA 2 2 3 1 ? 10 5 
lu I.UMyKINFkis PnavnPFOATA 1 u 1 1 1 8 S 
15 OwI1NHIUAE U 3 1 H 3 
lh MACfL01vA RUSEA 3 2 ? 1 H 4 
7 MnrELOniA LONGICOHNI4 1 3 1 1 ? R 5 

18 CnRHi1LA CF C(1NTkaCTA 5 1 E+ 2 
19 SPIOPriANES SPA 3 2 1 b 3 
2A SPIf1NIDAE 3 1 1 5 3 
21 CIkRAtULtI)AE 4 U 1 
22 VOILVULELLA TEXASIANA 1 1 2 U 3 
23 MALuANIUaE 2 1 3 z 
24 LISTKIEI_LA HARNARD1 1 1 1 3 3 
25 AHkA AFUUALI5 3 3 1 
26 Ar4NHAKfTE PAFtVIDENTATA 1 2 3 2 



TABLE 1 CONT.'D 
REPLICATE TOTAL 

RA,'.jK SPECIES 

27 SPIi:1WIiAtaFS wIGLEYI 3 3 1 
?t3 ASYCI1iS CARf1LINAf. 
tj 9 gIGAMlikA TENTACULATA 1 1 ? 
3'A TNni4YK nNN111-6311S 2. 2 1 
31 PAKAONl .0AE ? ? 1 
S1 MINOE. NIGKIPES 1 1 2 2 
~ii r,IOkYNC1FtpHA PENUUI.A ? ? t 
III P11YlLOMIfE rq0C.OSA 1 1 ? 2 
35 LIj~~AKIniEKi5 1ENUIS 1 1 ? 2 
16 NEHF.INr+JC(1N) SPA 1 1 2 
37 AmPNAREiE. ACiiTIFRCIriS t 1 1 
314 wnknr^PNINO'tE PULf.NFI LA 1 1 1 
34 ECHINnOEkMnTA 1 1 
0 IIEMI C YCLO~F'S SF' 1 1 I 

q l A12tiAriD Ia ,HnciiLnl n t ~ t 
4? OPNItINIIIUtA 1 1 1 

uS nFUIC1Nn KELGICnE 1 1 1 
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q1, TFHFIsELI.II)ES STkOfM11 1 1 1 
py (IF+NIMGLYCF:FtA CF 1)1ST()RTA I 1 1 
411 vFNE.R i nnF 1 1 1 
Uy S[f,YU+JTA DOR9ALIS 1 1 L 
5,n 4mPrtIC1F IS GliWhiEFti 1 1 1 
51 CENT aN1Hn1t1A t 1 L 
5? ()pL.nfttIIZA CF PANVI)LA 1 1 1 
S :S Et1tiICI0AE 1 t t' 
51! LIIVkol!I-.LlA GHItWDIS 1 1 1 
L+5 1Rnf.HrNk.waEuS SIM1t TS 1 1 
S6 i> I ns 1 rl I s SP 1 1 1 
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TABLE 1 CONT.'D 
31AtION 22 TRANSEf:T RIG PERIOD POST-ORTI-L 

REPLICATE TO TaL 

RANK SPECIFS 

1 PARAPRIONOSPIQ PINNATA 11 14 H 6 19 58 5 
2 AMPELISCA ARDITA 1 7 1 11 11 2 33 6 
3 NEPHTYS INCISA 1 9 2 4 5 S 26 
4 NFMERiINEA R 3 2 1 11 25 S 
5 SPIUNLpAE 17 5 1 23 3 
b MEDIUMASTtIS CALIFURNIENSIS H 5 1 1 3 4 ?? b 
7 ElMl)RELLA Nf1N1)DON 2 7 1 2 6 2 ?0 b 
is NOTc1MASTU3 CF LATERICFt1S 3 1 6 2 3 3 iN b 00 
y PARAO!v1S GFtAC1LI9 3 2 1 6 2 au 5 
lb ARICTUEA JEFFRFYSTI 3 10 13 
11 ANPELISCA AGASSIZI 4 2 l 3 2 12 `i 
12 LUMHkItiEKI3 PAkVAPEDATA 2 1 5 3 11 u 
13 CORSUKA nELTf+ 2 1 4 3 to 
14 MAGELUNA I.UNGICURNIS 2 1 5 1 9 4 
15 AMPELtSf.A VEkHILLI 2 1 2 3 8 u 
16 SIGaMhRA TENTaCULnTa q 2 
17 ACLIg SPA 1 3 1 5 3 
ltd VITK1NELlA FI.UkIDANA 1 2 1 y 3 
19 AEUICIRA BELGICAf 2 2 11 ?_ 
20 SPTOPHANES SPA 1 2 1 4 3 
21 VOLVULEILA TEXASIANA 3 3 1 
22 THARrx ANNULnSUS 2 1 3 2 
?3 flRkoF'HORUS LYFtIFORMIS 2 1 3 2 
24 IINUPFiIf1AE 1 2 3 2 
25 CiPHI l1Kq I DF A 2 ! 3 
26 14A(iFLnNA 120SEA 1 1 1 3 - 



.1-ABLE 1 CONT. `D 
27 LOVENELLA GRANOI3 1 1 ? 2 
98 ARMANOIA MACIILATA 1 1 2 2 
,29 LISTR1ElLA::HARNARni 1 1 2 2 
30 URILONENEI3 MAGNA 1 1 2 ?_ 
31 NINOE NIGItIPE3 1 1 2 2 
32 NEREID(NICON) SPA 1 1 2 
33 HEsi0w1DAE 1 1 1 
34 PYCNUGONIDA 1 1 1 
35 PECTINARIn RErALi3 1 1 1 
36 MUNNA SP 1 1 1 
37 AMpMARETIDAE 1 1 1 
38 AARA AEOUALI3 1 1 1 
39 3IPUNCULA 1 1 1 
qN OwENIA FU3IFUFtMI3 1 1 1 
41 I.UMHRINERIDAE 1 1 1 
42 F'ApA0NI0AE 1 1 1 
43 SPI(1CNAETOPTERUS SP 1 1 1 
qq N4TICA PUSILLA 1 1 1 
45 ANCISTR09YLLI3 JQNESI 1 l 1 
46 MjNU3P10 CIRRIFERA 1 1 1 
47 ARAHELLA IRICULUR 1 t 1 
48 THAKYX MARION 1 1 1 
49 CORdULA CF GI.INTRACtA 1 1 1 

M0, OF SPECIES 19 32 13 20 24 17 
NO . OF INDIVIDUALS 58 99 27 47 106 35 372 

STATION TRANSECT SPECIES INDIVIDUALS DIVERSITY PIE FOuITAHiLiTr 
22 RIG 49 372 4,6004 ,9406 .7551 
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TABLE 1 CONT. `D 
STATI ON Zb TItANSECT RIG PER IO0 PnSI-nRII.L 

REPLICATE T(ITAL . 

HANK SPECIES 1 2 :~ q 5 h INDIVI~) t1A15 * (*I C ; 

1 NOTfIMASTUS CF LAIERICEUS 3 16 7 ly 8 44 5 
?_ MEDIOMASTUS CAL1FORNIENSIS 7 7 8 H 4 2 36 6 
3 PAKApHJUNUSPIO PINWATA 5 U 13 4 3 3 3? 6 
4 AMPELISCA ABL)ITA 1 4 lH 5 4 3? 5 
5 E(Ji)OkEt,LA MQNODOM 1 6 13 2 1 ?3 5 
b AMPELISCA VERRILLI 3 3 9 1 3 1 211 6 
7 Nf_MERTINEA 2 2 4 3 4 4 1y 6 
8 NEPHTYS INCISA 1 2 5 2 4 2 16 h 
9 l.!)MHHINERIS PAI3VAPE()ATA 1 IN 3 2 16 4 

tvl AMpE:LISCA AGASSIZI 1 6 u 2 2 15 5 
11 AKMAiJDjA MACULATA 3 9 1 1 14 U 
12 PAttAO~N rs c;kaCIIIS 2 S 3 2 1? u 
13 AMPNAHETE PaRVIDENTnTA 1 1 10 12 3 
1il SP IO'vlf)AF 3 1 7 11 3 
15 NIAGFLONn LoNr,ICOkNis 1 ? 5 1 2 11 S 
'.6 Cn9SUkA DELTA 1 1 3 3 2 1H 5 
17 AR ICiI)tA JEFFREYSII 7 7 1 
1R OpNIUNOIuFA U 1 1 b 3 
l y SP 1 :1F'HAWES SPA S l 6 2 
20 VFNERJI)AE 1 4 1 6 3 
21 CUF?Y!MnFtf'HA PENUULA U 2 h ?. 
22 Af{KA AE(JUALIS S 1 6 2 
23 0rli1NHIGAE 3 2 5 
?_4 ApSEU()E:S SPA 2 2 1 S 3 
25 COf?hULA CF CONIkACTA ? 3 5 2 
26 nCt_IS SPA 1 1 2 11 3 



TABLE 1 CONT.' D 
i'7 ASYCNIS fl()NGATA 4 
2n SlGn~riiln TEriTACULATn 1 2 1 << 
2~) 1HnkYx Ari!d1ILIO :+US ? 1 3 
;,n aF0ICIkA Ht"LGICAE 1 2 3 
31 MALDANIDnE 3 3 
32 V(1LVULt-.LI.A IExASIANA 1 1 1 3 
33 Mn6FLOtiA knSEn l 1 1 3 
S4 THAF+YX MAk111N1 1 1 ?. 
35 CtkR(.1NNitR1iS LYRIFItkM13 1 1 ? 
36 SIGAMf3kA t1ASSI 2 
S 7 SYNCMEI, I ICI U^t CF AMFR I CANIIM 2 
3N Ul(1PA fkA CIIPf+EA Z 
39 kPhESEILLA CF MIXTA ?_ 2 
4 14 AI) ( 0MaTt SP 2 ? 
41 NK(i.11441yNltl CNISTATA 1 1 
42 LIMA LUCKLINI 1 1 
43 V1 TRINELLA FLOP InAPIA 1 1 
44 LOVkNEl.LA GRAw1113 1 1 
45 H1PIOSP1U L(1rJGINItANf.N1ATA l 1 
46 ~'1u"JOC1iLUl1)E5 SNfs 1 1 
47 NaRnnNIpAE 1 1 
yH f'EC1ANAkIA kE6ALIS 1 1 
by nr%NNANk T 1DAt 1 1 
Stt PMII,INE: SAGRA 1 1 
51 HF-tICYCLuNS SP 1 1 
52 tsi~\ii)E N1GkIPES 1 1 
53 NFNiIATULACEA 1 1 

W), (IF 5PF C 1 E S 1 A 1 q 3m 23 ?2 18 
ra), OF INDI Y I OUALS 35 51 186 59 S6 42 429 

tis 
w 
w 

sl arl() ;u TKnPSECT sNfCJFS Iwij IV 1DOALS qIvFkSi Tr PiF E011I fnNIl.T1Y 
r f~ I~I~~ 53 421 4,9147 .9557 ,8 IS 79 
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TABLE 1 CONT.'D 
STATION 10 TRANSACT RIG PERIOD 1'OST-DFtILI. 

kEPLICAtE Tn1AL 

RANK SPECIES 1 2 3 4 5 b INnIVH)uaLS uCCukkE^~CFS 

1 PAR4PkiOIvOSPIu PItvNATA b b A 17 13 7 57 6 
2 ANSEIJItEg SPA 52 1 3 5h 3 
3 NEPHfYS 114C15A 2 15 14 7 8 9 55 6 
q AMNFLISCA AHDITA 2 14 4 H 15 5 UN b 
S MEnIc1MASTUS CALIFi)RNIENSIS 3 1 1 16 13 iA uy 6 

SPIclNIOAE 6 3 23 ? 2 36 5 
7 AMPtLISCA AGASSILI 2 2 4 lh b ? 3? 
H NUTOHnsTUS CF LATEkICEUS 3 2 5 5 3 6 24 h i' 
9 PARA()rJIS GRACILIS 1 2 2 4 7 7 ?3 

10 IvF'MEitTINEA 2 4 1 7 1 7 ?? 6 
11 f.1MURFLLA MpNOppN 7 3 6 3 19 a 
12 ARICIDEA JEFFREYSII 1 7 4 6 18 4 
13 LuMHKINiFHIS NAkVAPE.DnTn 3 3 3 3 u 16 S 
14 AMPELISCA VERRIL1 .I 3 1 4 5 1 14 5 
15 SIGAMHHA TENTACULATA 1 1 2 3 3 1 11 6 
tb COSSURA DELTA 1 4 2 3 1V. 4 
17 SPIOf'H4PdES SPA 1 y 3 2 10 n 
Its MAGELiONA Lt)NGICURNIS 2 1 2 1 3 q 5 
19 HEMICYCLONS SP K A 1 
20 V11HINfLLA FIUkIDANA 1 1 1 u 7 
21 nMPHakETIUnE 1 5 1 7 3 
?? VOLVIiIELIA TExnSIAnia > > > 3 6 y 
23 BIGA'46ttA t3AS5I 6 6 1 
24 LI5TkTELLA NARNARbI 6 6 1 
25 CORHtILA CF C(1NTKACTA q 
26 AK~AANt)[A MAGULATA 2 1 2 5 3 



TABLE 1 CONT.'D 
kEPI.TCAIF TOTAL 

SVFC1tS 1 2 3 U S h INI)IV~DUALS OCCUKFtENCES 

~Y VENEfrll)AF j 3 
r+l nltrSN111 Cif21?IFE.NA y 5 

r 9 I)rIIIV ti (11AE 1 1 ~ q 3 
30 TiiAFiYx nNN(1L(ISUS q U 1 
31 "1I~0)SW10 Lf1NGIlikANf,NlAln a ~~ 1 
S? A'+Hn nE1aUALIS 2 ? q 
33 THAKYK MAirTUNI 1 3 a 
34 1iFkF lU(NICIIN) SPA > 
iti OF'N l UR(i 1 hf_ A I 1 ~ -~ S 
St, f'FtluF4l)SP1U CItISTA1 A ~ 2 
il :3YNCHEI.IDIu;4 CF AmFaICAwllN 
311 ova i 1CA PU51L1_A 2 ~ t 
39 lo1VEPJtLl A GKArJIAIS 
u~+ 4t ":CIStRUSYLLIS .Ii)MFSI 1 1 ? 2 
III Mar,El(lNh RnSEn 1 1 ? 
III? SC nLFLkP15 TExNNn > 
q3 CAF'HICIh iS GUrdjvE11] 
944 AMVIIA111- FE AMERICANA 
it 5 (IFf,F L r ID nE 1 t 
40 f.HAf.lrl("1EKi!)AF 1 1 1 
,*i7 STHFr"iI)LkF'Iy SN 1 1 I 
X1+1 NF:C11vvAhtl fl)AF: 1 1 1 
119 PEON AfULACFA 1 1 1 
5 :1 nAIC I S fItcISrLL 1 S fkI1F'Ml_aNVlCn 1 1 1 
5l AEOIC1kA NE:L(;ICAf . 1 1 l 

SP I OCfiAE TnP Yt RuS C11 .91 ak1i ;4 1 1 1 
ti S i;sYCtll S SN 1 1 1 
5u ~~inTlf,n SP 1 1 1 t;YF'l l :i VTTTAIl+ 1 1 1 

M 
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TABLE 1 CONT . `D 
REPLICATE TOTAL 

WA14K SPECIES 

Sh riI+~lnf NTGk(PE.5 1 1 1 
57 MALD4r+IDA, t 1 1 
SH CHASMr)CnHf,JIJUS MISSISSTPNIEwSIS > > 
Sy AI.Pfif_U3 Flr)KIDAtiUS 1 1 I 
a°A NiIYLlM1111fk MUCU5A 1 1 1 
61 f,NAF 107(1NE SETVSA 1 1 1 
62 DRIL01',FREIS MAGNA 
hS llla~hklft'FRIDAf 1 1 1 
h 14 9ICYUMIA 1?UIt5ALI3 I 1 1 
61) PAitAUl~1j()AF 

iv(1, CIF SI'k C I f S 23 2h ?0 33 34 3N 
NO, (IF IrdD1V1MIALS 47 119 56 ISh 12? )V1 E,3! 

w 

STnTi0(~i THnN ;3ECT SPFCIFS Ieli) (VI0~1 A LS UIvEkSIIY PIE F011ITANILITY 
i :~ Rlf, b5 b3) 4 .9076 ,9S22 .7o77 

1 



TABLE 1 CONT.'D 
STATION it 1RAidSFCT R16 PER IM) POST-l)kILL 

kEPLICATF TOTAL 

RANK SPECIES 1 2 3 4 5 b felt*, ; L .; ncCtiHnE~,cEs 
00000000*0*9000000000 . . . . . . . . . 0 .00000 .0 

1 PARAPHI()N()9PIn NINNATA 13 6 4 20 19 5 67 b 
2 NEPI1fYS INCISA to 7 11 12 5 45 S 
3 MEnIOMASTUS CnLIFuPNIEN$IS lA 9 3 1 6 iv 43 
u nintoNaSTUS CF LnTEFtICEUR 5 q 7 5 13 6 40 6 
S AMPkLISCA AGASSIZI 1 7 4 14 4 fN 40 6 
b AMPELISf.A AHDITA 7 14 9 10 IN 1 37 6 
7 APSEUUES SPA 1 31 32 2 
H NEMEKTINEA 5 5 1 3 11 ?S S 
EUanRELLA MONnDON A 2 1 6 4 2 23 

1H PAHAUNIS GRACILIS S 1 ? 6 H ?2 S 
1! arziCIUEn JEFFHEYSII A 1 3 6 1a u 
12 SN7nN1uAF 2 1 1 7 6 17 5 
13 4MPELISCA VERRIILI 3 2 u 3 2 1 15 6 
lu LUMEiKINEkIS PARVAPEDAIA 2 2 5 3 2 14 S 
15 vIfk1NELLa FLURIDANA 3 1 b 2 12 11 
16 COSSURn UELTA 3 1 2 2 3 11 5 
17 S16ANtNkA TENTACULATA 1 S 3 2 11 4 
1N MAr,ELONa LaNGICORNIS 3 1 2 2 2 10 5 
19 COkHULA CF CUNTItACTA 2 3 1 b 3 
20 THAKYX ArowULOSUS b 6 1 
21 VOLvi~LELLa TFxASIaNa 1 1 2 f 5 u 
2? tiPIOPNANF3 SPA 5 5 1 
3 AHkA AFAUALIS 1 2 1 U 3 

?4 LnVENELLA GRANCIS 1 1 1 1 4 4 
7_5 nrvIIPNIbAE 2 1 3 2 
lh ASYCHIS CARULINAE 3 1 1 



TABLE 1 CONT.'D 
REPLICATE 

RANK SPEC TV S 2 3 145 b 

TnTAI. 

1NDiVIOUALS UCCUHKEWC~3 

?.7 NFmICYCLOPS SP ? 1 3 
?d AroC1S1ku5rLLtS JurlFSI ~ 1 3 

ANC 1 9 T htOSYLL I3 PAN) l_lOSA i ? 3 2 
SN AMpMAFtE 1 IUAE 
'ti Tt1AKYk F!AHlOnii t 1 
'S?. AItMANUIA MACULAIA 2 2 
33 AAT1f,A p11SILLA 
311 hcAi;ELONA NqSEA 
35 ASYf.HiS F.LIINGATA 
3a n t iINa I kn CUPNEa > 
37 ClIN.YWf1ftP11A NENI)UL,A 1 1 l 
3H L11MNitIWEH1S TfNUIS 
39 SN I OPHAr1F S vT (;LE Y I 1 1 1 
4t+ (:AF'kELL 11) 1 1 1 
41 I)K I l (1Oik FtE I S MAGNA > > 
42 Ct1+t2OPH(1htllS LYkIFI)ftMlg 1 1 1 
4 3 rIrlIlPli I ti SPfi 1 1 I 
un MnLACUCtkrIS SP 1 1 i 
"iS SAm1r thEll_n fLIaSONI 1 ~ 1 
4a ivFKF lt)(Nll'.ON) SPA 1 1 1 
pl 4CLIS SPA 
qM SiG4N1NkN SP 1 1 
4') MAI.I)A V11)AF 
50 Lll`4hrtltitltIDAE 
S1 vjnS~inK1IuAE 1 1 1 
52 PAknU!v1uAt 1 1 1 
53 ANGISSA HA %tAf INU4 > > 
54 Il "yt!JTA FIISIFOHMJS 
95 CHAtiPWAFtCINUS V1SSISSif"PlENSIS 

i 
w 
00 



1-ABLE 1 CONT. 'D 
REPLICATE TOTAL 

1 2 3 4 5 h NCE3 INDIVInUALS ~CCl1RRF RA r~~ K SPECIES _ 

Sh VF 
14 
ERII)nf 1 1 1 

9) 1 SYraCHfL ]I)lUN CF AMER ]CANUM 1 1 1 
S N A~4PtiAHF:it PAItVII)FN TATA 1 1 t 
I'),) T L l . l. l 4 n 51) 1 1 I 

nn.nDnKn tRAriSVkWSA t 1 1 
h) PYf.v(1(;1lf=111A 1 1 1 
f, d al NfiE 11S FLOk l i)ANUS 1 1 
h 3 VF C I I " +aR 1 Q G0uLl " 1 I 1 1 1 

;i1l, OF SI'FLIt.S ?1 19 ?1_1 ?I if v 29 
OF 1 ~-JI) 1 V 1 DUaLS 95 S 1 ti's yti 11" 1 01 Sb7 

w 

alAllI ln ~N AriSECT SNFCIES Irl I) IV11I I lnL g I) IVEH ti]TY PiE I I ITA~+II_f1Y 
"SI k 1r, h3 ,h7 l1 .7Nttb ,Oti77 

1 



TABLE 1 CONT. `D 
STATION 32 TkANSECT RIG PERIOD POSI-DRILL 

REPLICATE T01AL 

RANK SPECIFS 

1 NEPHTYS INCISA 3 b 7 6 12 12 Ub b 
2 F'ARAPkIONOSpIO PIMNAIA 4 10 5 7 6 6 314 E, 
3 MEDIOMaSTUS CALIFOkNIEn;SIS 7 10 H 9 2 36 5 4 AMPEIISCA AHDITA 7 7 3 9 2 2 30 b 
5 F'AF7AONJS GRACILIS 1 H 2 4 6 A 29 (, 
b Ll1MHKINEHIS PAkVAPEDATA ? B 6 6 4 3 29 b 7 EUUURELLA MOWUDON 7 6 U 5 2 1 25 6 
8 NEti+FkTINEa 2 11 2 5 6 2 71 b 9 NOTUMASTUS CF LATERICEUS 3 5 3 3 1 S ?N 6 0 

10 AMPELISCA AGASSIZI 1 6 1 7 1 3 19 b 
11 APSEUiAS SPA 1 1 1 5 5 13 5 12 SIGAMHNA TEN1AClILATA 2 3 U 4 13 y 
13 VENEFt1UAE 9 1 1 2 13 4 14 AMNELISCA VERKILLI 2 1 ? 2 2 ? 11 b 
15 MA6ELONA I.QWGICOItNIS u 2 2 1 2 i 1 5 lb hlAl.l)ANIDAF 3 1 1 1 6 4 17 MAGELDNA ko5Ea 1 1 1 2 1 h 5 
1K TfinRYx MaRIUt41 2 
19 COSSukA DELTA 2 1 1 1 5 20 VITkINELLA FLOkIDAMa 3 2 5 2 ?t VnL,VULELI.A 1EXASIANA ? 2 1 5 3 22 t1PN1UR()If)EA 3 1 U 2 S Dk I LONERE I S MAGNA 1 1 l l 4 4 24 AMPHARE110AE 3 1 11 ? 25 CORKULA CF CONTNACTA 2 2 4 2 26 SPIOF'NANES SP 3 3 1 



TABLE 1 CONT.'D 
REPLICATE TOTAL 

K4w K SI'FCIES 1 2 3 4 S ~ I~~~IVIUl1AL.S ~~CCUF2RENCES 

27 SP TuIJ I1)AE 1 2 3 
tti A HICI1)t.A .IEFFREY9TI 1 1 1 3 3 
?10 aKM AN uln r+nCULATn 1 1 1 3 i 
3ti LnvENELLn GkANI>IS 1 1 1 3 3 
i1 NINCiE N1(;kiPE:S 1 1 2 
i? CIFMOPNOFtU ;i LYHIF(1(tMIS 1 1 ? ? 
i i PAItnUvIOAt 1 1 2 ?. 
311 f)NIiNNiOAE 1 l 2 2 
35 nFl)ICIaA HELGTCAF 1 1 1 2 
36 mlt'11SPlu CIKK1fERA 1 1 2 a 
31 ACLIS SPA ? ? I 
SN SPIOI'tlnraE5 SPA 2 ? 1 
.j 9 nSY(:IiIS ELUNf,AIA 1 1 1 
4 0 SY~~J CI +ELII) IUM CF AraEktCANUM 1 1 1 
ul nk%fNTn FuSIFukMIS 1 1 1 

POLYCNAE TE SPA 1 1 1 
45 ArdCTsThUSYLLIS PAN (l.L(1SA 1 1 1 
114 (,A'ILl.EklEkl.A 5N11 1 1 1 
45 F_"kYCINn SPA I 1 
46 H I PPi1h+E MlN CF SERF+ATUS 1 1 I 
c!7 AI_PtlEtIS FLfiRI(.)ANIJS 1 1 1 
q ?A PNf1NOr4 11) 11 1 1 1 
49 CtiASrtuf.AhcCINUS MiSSISSIPF'IENSIS 1 1 1 
5~~ IiIIiNA 114A CUPftEA 1 1 1 
5t MiINVA SP 1 1 1 
ti? +NAL4CI)Ct: 1+0S VANI)EkNURST I 1 1 1 
S3 SPTUI1NAWFS HOMNYX 1 1 1 
5u nNJ.uI<Hl7A CF PnKVUI.A 1 1 l 
55 PEN PlAT11L ACEA 1 1 l 
5h nr",NliICTF.IS 61iMNERI 1 1 1 

N 
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TABLE 1 CONT.'D 
kEPLICATE TU1Al 

KA rl K SNFCIES 1 2 3 4 5 b INDiVIDt~ALS QCC~1HftFNCE3 

27 MnGELUwn kuSEA 2 1 1 a 3 
LN PARAON I I)PE 1 1 2 -4 S 

On1Ut'H 1 UAE ; 1 p 2 
30 iNANYX MANIQrII 3 3 1 
31 CHn~~InCAkC1NUS HI3s1S5iPHIENSlS ! 2 "S 
52 nL,itn AE iaunl I S 1 1 1 3 S 
SS Aw+PHAkETf.. A!dFRICANA Z 1 3 2 
314 CIkRuPli(IRUS LVkIFURMIs y ? 3 2 
35 t)IOPATRA CUNKEA 1 2 3 
36 w1UAUE NIGKIHES 1 1 1 3 3 
37 Ok 1LU :OkE.I 5 MAGNA 1 1 1 3 i 
3H PULY~)UKA LIGNi 1 2 3 
31) ACL.1S SPA 
tlH A~4F'HANFIf AClli Iffi(1NS 
41 WA f ICA F'U5ILLA I 1 ? 
is ? LtlVkr+F1.LA GriAtjl)15-- 1 1 
41 f. .1PRELLID ? 2 l 
44 fFNIANTF+Ak1n 
115 LAONICE. CINkATA 
It h nuTnMaTt fvERMawNI > > 
47 AM1'FIAkt Tk PAItY IIiEN1 A 1 A 1 ~ J 
pH PAkAl1NjS SPA 
49 1FLl.INn SP 1 1 l 
6i(4 SPIOPHAIYES SP 
51 f I.If,E RA "auS NHaF LONGUs 
51 SJNUNCIILA 
53 SIGAMH1" !1 
511 TKACHrPfNAFUS SIMILIS l > > 

i r r 



TABLE 1 CONT.'D 
REPLICATE TOTAL 

I"`nW SNFCIt:5 l ? 3 4 5 h INUIVI~UALS I1CCUftkENCE3 

SS f,(1NNIILA CpK1r+aEa 1 1 
N(PLYciInk rE SPA > > 

57 Ml1r~Nn SP 
`iN MA.LAGUCE1?(1S VANC1EFtNl)kST 1 1 1 1 
5y niF.HF 11)(MICOw) SPA 1 1 
6 vi a~+PH nKkTIunE 
e+t oArAjl4 FuSiFtirtMIS 1 1 1 
h~ AivCISf1t11SYll.1S JUNkSI 1 
h3 F'1'i`IO It1EkTUAE 1 1 1 

,vq . (IF SPECIES 22 ?h 26 34 30 41 
rvIj, IoF 1 o"IOI v I I)Ual. S 73 h5 7S 113 15 l h7 f,0rti 

ha 

:ilAfli114 f'+naJtiECT SPECIES IWI)IVII)IIALS 0 1VF~kSIIY PiF EOIili4Ft Il_IlY 
3s Kll, hS b~1M q .y~1~1U ,9564 

1 



TABLE 1 CONT. `D 
STATI()N 34 TKaNSErT RIG PEklOn POST-DRILL 

REPLICATE TOTAL 

RANK SPECIES t 2 3 4 5 b INUIVIf~UALS c~CCt~kHE~+CES 

1 AMPELISCA AGASSIZI 1 32 1 34 3 
2 MEOIOMASTUS CALIFnHNIENSIS 4 7 7 5 1 24 5 
3 Nf1TOMASTUS CF LATERICEUS 4 6 2 2 u 1 19 b 
4 AHSEUt)ES SPA 12 1 4 17 3 
5 AMPELISCA ABDITA 2 2 9 1 14 
6 NAFtAPRIONOSPI(1 PINNATA 3 3 S 1 1 13 5 
7 COSSURA DELTA 2 2 ? 2 S 13 5 
8 NEPHTYS INCI3A l 4 4 1 1 tl S i 
9 SIGAMHkA TENTACULATA 1 6 1 2 1N 4 

10 EUnOREI.L A MUNOU()N 1 1 H 10 3 
11 MAGELONA IONt;ICURNJS 2 3 1 3 9 4 
12 PARAONIS GRACILJS 2 2 1 1 3 9 5 
13 AMPELISCA VERRILLI 2 3 2 7 3 
14 LUMNRINERIS PAkVAPEDAIA 3 2 2 7 3 
IS NEMERfINEA i i 1 1 1 1 b 
lh SPIUPHANES SPA f 3 1 5 3 
17 viTRINELLA FLokMANn u u t 
18 ARMANpIA MACUlA1A 3 1 U 2 
19 MAGELONA ROSEA 1 2 1 4 3 
20 THAFtYX AWNUIOSUS 1 2 1 4 3 
21 AEUICiRa HELCiCAE i i 1 3 
22 VENEKIDAE 1 2 3 2 
2; MINUBPi(1 IONGIekANf.MIATA 2 
24 CIHRUPHURUS IYRIFnRMI5 1 1 2 
25 MFhIIC11CLOP3 SP 2 
26 ANCISTHOSYLLIS JOPIESI ? 



TABLE 1 CONT.'D 
27 LUVENELLA GkAND1S 1 1 1 
28 LISTkIELLa BARNnRDI 1 1 i 
29 MALACOCERt1g .VANDEF2HnNSTI 1 1 1 
3N SYNCHELIMUM CF AMEkICANUM 1 1 1 
31 AMPHICTEIS GUNNERI 1 1 1 
32 ECHINUUERFtATA 1 1 1 
33 NINE NIGkIPES 1 1 1 
34 ARJCIOEA TAYLURI 1 1 1 
35 PnRA0NI4AE 1 1 1 
36 lllMtiftINEkIS 1ENUi3 1 1 1 
37 GYPfIS ViTTATA 1 1 1 
38 ARANELLA MUTANS 1 1 1 
39 AHICIOEA JEFFREYSII 1 1 1 
40 APOPNIUN(1SPI0 PYUMAFA 1 1 1 
41 POLYUORA LIGNI 1 1 1 
42 oI.IGOCHaETa 1 1 1 
43 DIUPAfRA CUPREA 1 1 1 
44 MALACUCFItc1S SP 
45 STF'UNCULA 1 1 1 
46 CEkIANTHARIA 1 1 1 

NO . 0F SPECIES 19 23 21 7 18 18 
No, OF INDIVIDUALS 34 68 85 9 32 30 258 

i r 
v 

STATION 11tANSECT SPECIES INDIVIDUALS DIVERSITY PIE FOUITABIIITY 
34 RIG 46 258 4 .6848 ,9495 ,8478 

1 



TABLE 1 CONT.'D 
STATION AS THArvSkCT RIG PER?nl1 Pi)ST-t)kILL 

REPLICATE TOTAL 

RANK SPECIES 1 2 3 a S b Iran1VI1~uALS ~~~ruF~WEr~CES 

1 PAFtAPRIU^tUSPIO F'1NNATA 9 11 b 7 A 15 56 6 
2 MEDIt)hIASTl1S CALIFORNIENSI3 2 15 3 5 16 12 53 
3 F uDukE LL A MUnioUUN 6 17 u 1 1 U I, 5 
u MEPHTYS INCISa 5 9 7 5 2 11 39 6 
S AMPELISCA AHI>I1A 3 7 9 6 4 4 33 h 

b AMPFI.ISCA AGASSIZI 2 1 1 iR 5 4 31 6 
7 niOTOMASTUS CF LATFHIC,EUS iN v Z 2 4 27 S 
8 ARICIUFA JEFFREYSII 7 4 11 4 2b 
9 PARAONIS GknCILIS 9 2 ? 1 11 25 5 

1A L.l1MHRJNEKIS PAf2VAPE1>ATA 11 5 1 4 3 3 ?H h °° 

11 Ctl5S1.1kA DELTA 3 3 7 3 3 19 5 
12 AMPEl.1SCA VERRILLT 9 3 5 1 lA U 
13 NEMEKTIrvEa 1 2 2 2 5 1 13 
14 Mnt,FLONa LUNGICORNIS 3 2 1 1 2 9 5 
IS SIGAMdkA TEvTACuLnTA 2 1 2 1 a u 
16 SPIONIUAE ? 2 1 S 3 
1 7 5P 1 ilPriANES SPA 2 2 1 5 
18 VI1RIrvE(LA FIOHIDANA 2 2 4 2 
iq wiNnE M1GKIPES t i 2 4 3 
20 TNArtYX ANNULQSUS 2 ? 4 
21 Nc?T11MASTUS LATEkICEUS v u t 
22 4kMAivuIA MACUI.ATA 1 1 2. Q 3 
23 SYNCHELIOIUM CF AMEKICANUht 3 3 1 
?4 APSEUDES SPA 1 1 1 3 3 
25 VOLVIILELLA TEXASIANA 1 f 1 3 3 
26 MAGELi)NA ROSEA 1 2 3 
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TABLE 1 CONT.'D 
REPLICATE 

it A Nn S1'fCIES 1 2 ' ~ U 5 b 

TO TaL 

1r~t~IV1~uALS r~CCuHkEaCE9 

56 CrinETuP1ERIl)nF 1 1 1 
57 ANf.ISTKOSYLLTS J1ir~tS1 1 1 l 
5H ACTINAKiA 1 1 1 
Sy NnknrtNl1>nE 1 1 1 

140, OF SPECIES 15 32 21 ? u 26 26 
Nil . (IF INDIVIDUALS 119 130 h5 86 7M 101 9t-i9 

STATInW TItAMSECT SPECIES INUIVIuIiaI.S DIVERSITY PIE E(+UITAHILTTY 
35 kIG 59 5149 4 .6 iHN ,9429 .b4 4 1 o 

1 



TABLE 1 CONT.'D 
ST ATIUN 36 TKANSECT RIG PER 1()U POST-DR I Lt . 

REPLICATE TOTAL 
goo a 

RANK SPECIES 1 2 3 U 5 6 INI)IV1l>UALS ()CC~)KkFiuCES 

I F'AkAPF21ONOSPIU N)NraATa 2 1 7 18 4 5 37 6 
2 NnTUMASTUS CF LAIERICEIIS 4 9 6 4 y 6 33 6 
3 MEI)IOMAS111S CALIF(tftNIFNSIS 4 5 IN R 2 29 5 
p AMPELISCA A6nITA y q ly 3 25 q 
5 rvEf'H1YS INCISa 3 14 1 2 9 q 23 6 
b hiEMERTINEA 2 a 1 9 3 3 22 6 
7 PARaOn,IS GHaCILIS 2 u 6 5 2 21 S 
8 EUI)UftEl LA MONllUOM 1 3 2 5 3 3 1 7 
9 LUMhRIrvERIS PARVAPEI)nTA 5 1 6 2 1 15 5 
10 SP lI.IrvIQAE 1 13 1 15 3 
i'1 ar+PEIISCA aGnSSTZI 7 1 1 2 3 14 S 
12 AMPELISCA vERkllLi 3 6 3 2 lU 4 
13 VITRINELLA FLOMMArvA if 3 ly 2 
14 Ci)SSIIRA DELTA v 2 3 2 1 ] a 
15 SlGAMbHA TENTACULATA 1 2 3 1 1 H 5 
lb SPIUPHANES SPA 7 1 h 2 
17 ARICIOEA JEFFFtEYSIi 1 h 7 2 
ltd AFrMaNDiA MACUIATA z 5 7 
19 htnUELnNA LUNf,ICUhrNIS 1 l 1 2 2 7 5 
20 MALACOCtROS YAN()ERHOkSTI 3 1 ? 6 3 
21 MAGEI.OP!A ROSEA 1 l ?_ 1 5 14 
2?_ VOLVULf LLA TEXASIAIJA 3 2 5 2 
23 AtitpNAkEtIpAE S 5 ~1 
214 Afl)1CIRA RELGICAE 3 z S 2 
?5 SPI(IpHArvES B()MhYX 5 5 1 
26 CTRKOPM(.IHUS LYftIFl1KMIS 1 1 ? 4 S 
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1ABLE 1 CONT.'D 
REPLICATF TOTAL 

kAl "IK SPtf.IFS 1 2 3 4 ~i 6 IN01v1UilALS uCCUkfrEr~CES 

Sh r+f_~tE' 1I)AE" l 1 1 
57 PlNwnlHEki()AE 1 1 1 

No . OF SPECIES 17 21 22 34 25 211 
tit), Of INUIVIDuALS 41 64 44 146 711 43 14 1? 

S1aTI~~w TRawSEC! SPECIES trJi)ivluII AL. S I)IVFIjSIIY PiF F~~iUiTAHII_.TTY ~° 
3b RIG 57 412 u,y8611 ,ySHK ,8421 

1 



TABLE 1 CONT. `D 
STATION 37 TkANSf.CT RIG PEPTOO POST-DRILL 

FtFPLICATE TOTAL 

HANK SPECIES 

1 PAFtAPRI0NQ3PT(1 PINNATA 10 lf, 6 8 3 3 46 6 
2 NOTOr4A5Tu3 CF LATERICEUS 16 1 5 4 2 14 42 
3 NEPHTY5 INCISA 13 1 H 5 5 5 37 h 
v MEUIc1MASTUS CnLiFORNIENSI3 3 f2 5 t h 27 5 
5 SPIOrvIDAE 8 3 5 6 22 4 
6 AMNELISCA AHUITA 3 5 2 ? 7 iq 5 
7 AMPELISCA VERFtILLI 4 1 2 4 5 3 19 6 
d CORHULA CF CUNTRACTA 1 3 2 13 19 4 
9 AP3EUDES SPA 18 1#3 1 

iN EUDORELLA HOwoUON 2 u 3 3 v 16 5 
11 h1AGELONA .Lt1NGICORNIS 1 2 2 4 1 3 13 h 
12 LIIMHRIhERI3 PARVAPFDATA 3 3 1 4 Z 13 S 
13 Nt4ERTINEA 4 4 1 3 1 13 5 
ly PAkAUNIS GFtACIIIS 3 2 1 3 2 11 5 
15 AMPkl1SCA aGASSIZt 2 2 1 1 v iH 5 
lb SIGAr1NRA Tf.NTACULATA 3 3 3 9 3 
17 AftICIDEA JEFFREY3I1 2 2 2 1 2 9 5 
18 COSSURA DELTA 1 2 3 > > R 
19 VITHINEI.In FLUhtIOANn 1 5 1 7 i 
20 THAkYX MAFtIUNI 5 2 7 2 
21 AkMaWUIA MACULATA 1 2 2 5 3 
2? 3NIOPHAwES SPA 1 2 3 ? 
23 SYNCHEl1DIUM CF AMERICANUM 1 1 2 
24 NINnE NIGHIPE3 1 1 2 2 
25 NAT ICA NUSII.LA 1 1 Z 2 
26 GLYCEi21DAt 



TABLE 1 CONT . `U 
REPLICATE T()TAI. 

RA-4K SPECIES 1 ? 3 4 5 6 INbIVII)UALS ~~CCUF2HENCE3 

27 MAGELUwA knsFA 1 1 ? 
N AI1TUMAIE EVEFfMAMNI 2 2 1 

24 ANRA AE(dl1ALl3 1 1 1 
3vo NnLYMIkn CF stuClaLIS t t 
31 MACII~A YENTA 1 1 1 
32 U1UPAIkA CI1PftEA 1 1 1 
33 ANC151HOSrLLis Jar4ksl i t t 
34 PNCIT 10 SPA 1 1 1 
S5 1ikAUa SF 1 1 1 
36 OIt ll_UNFkk IS MAGNA I 
3r TkNCH11F'F.l+AEUS SIM1LI5 1 1 1 
39 SIt:AMyrrn HAS9I l 1 1 
14 L1tifk1FLLA HnRNAkn1 t 1 1 
110 AMNNAItE ik ACUf 1FRt1NS 1 1 1 
41 (4IICOLANA ACIITA t ~ ! 
nZ OFtl+l iv I DAE 1 1 1 
43 VO1_'JI)LELLA IEXA3jATlA l 1 1 

Nil, OF SPECIES 20 20 21 lq 2t+ ?2 
w(j . uF 1(vOl V I D11nLs 71 ~-11 12 Uy Ski 194 it NV 

.`iIATiOrl 1HANSE.CT SF'ff.IES I~~ll) IV il)IIALS f1IVE1t5ITY PIE. f.WIIITAIiILilY 
37 klG u3 414 vi 4,5381 ,9 4 u5 .Kt14 14 

1 



TABLE 1 CONt.'D 
STATION 40 THAN5ECT KIG PtNIclU POST-DkILI, 

REPLICATF TOTAL 
" " " " " " " " ~ " " ~ 

Ra ;vK SPECIES 1 2 3 4 5 6 Ir~uIVIt~iia~S ur.C~, kHEt4 CES 

1 MEUiOMASTUS CALIF()kNItNSIS 4 7 18 2 7 5 43 b 
?_ PARAPHI(1NflSPI() PINNATA 4 9 12 9 4 4 42 6 
3 SPiaNlDAk 36 1 2 1 40 4 
q apsEUoES SPA 1 i 34 36 3 
5 NE:MERTINEA 14 4 2 2 6 2 31A 6 
6 NEf'NfYS TNCISA 1 13 7 3 1 2 ?7 h 
7 NOTt)MaSTUS CF LATERICEU3 7 5 2 1 A 4 27 
N AHICIt)EA JEFFREYSII 1 7 9 3 f 21 5 
y PARA(lN]S VRACILIS 3 2 6 4 5 1 21 b o 

10 AMpFLISCA At3()ITA 6 2 4 2 6 20 S 
11 CUSSURA DELTA 1 2 7 3 3 2 1f+ 6 
t? EU[)012E1.LA MONOGON 3 5 z i 1 t2 s 
13 5IGAMBkA TENTACULATA 1 2 2 3 1 1 10 h 
14 AI4PE:LISCA VERRILLI 1 4 3 2 10 4 
15 AMPELI5CA At;pSSIZI ?_ 3 4 1 1t^ 4 
16 SPIUPHnNES SPA 2 a 1 1 1 y S 
17 vuLvuLEILA TkxaSIaNA 3 1 1 3 H y 
tH LUMBRINERIS PAkVAPFDATA 3 3 1 1 A u 
19 htnGFLONA I.ONGICt)kriIS 1 3 1 1 6 q 
20 ARMANOIA MACIIIAlA 1 2 2 5 3 
2l I.ISiRIFLLA HnFtrvARUI 1 1 1 1 4 u 
22 TMAHYX ANIJUl.f1 :3lIS U 4 1 
23 COkKULA CF COrvTI+nCTA > > 2 u 3 
24 EUD(1RElLA HAftNAKD1 3 S 1 
25 rIINUE NIGkIPUS 1 1 1 3 3 
26 AEDiCIRA NELGICAE 1 1 2 2 



TABLE 1 CONT.'D 
21 UR tL0 N E.kF1S H AGN A 1 1 ? 
2H NEAICYCLO~NS SF' 2 t I 
24 iI~IUF'N(DAE ? ?_ 1 
SN iaATICA SP 2 ? 1 
31 c~!ai,ELnNA kOyf.A 1 1 
;r nNC15TRi1SYLLIS JfiNkSl 2 1 2 
i 3 l,1-, PAUUMCI#tF'HA 2 ? 1 
311 OF'NlOUkUi"1115 (IH5CUhlig 1 1 1 
55 'tiU4il5Pl(1 LUIJG1tWAMCHIATA 1 l 1 
56 HYukuZot~ 1 1 1 
51 ntiiNtInrrF i t nC1il IF knNS 1 1 1 
s+3 soMrLLa crivnar:n t 
Sy CIF2UnTllL1U-N 1 1 1 
110 IIIa0Nrii S SPA I 1 1 
41 Vt C 1 I Nnk I a sW I 1 1 

N11v,0ifNtR lUAt t 1 1 
a :S F.CNI ;4uDtItmAIA 1 l 1 
44 VF "~jE r+I1iAk 1 1 l 
a5 PK1f1~~0tiNltI CkISTATA l 1 1 
116 SP I UNNANES Lc)NG 1 C I ItkUS 1 1 1 
47 iiNNtUkU]IDEA 1 1 1 
aH ulrirnFFrn Cttpkkn 1 1 1 
49 vt rKtNIkLLA FlOkWntvn 1 1 1 

t; aPKtLI C O 1 1 l 
`il fNnHYx mAklOraT 1 1 1 
S e-) wnltCn NuSILLti i 1 1 
SS :'M+E NFL.h1 i JMa 1 1 1 

Nti, OF SNt C 1 k S ?3 ?.H ?? 1 9 1 9 SN 
~41i . I)F I ran I V i ()liAJ . S 96 WS yM it i 49 8 N 1i'~ 7 

i 
v 

5In1It i ri fR Ar,SFCT SK C1t:S l1dntvt0 1 1A 1 .3 i) IvFVSIIY PIE F(a1i11AN11_ITY 
14 L4 t~l~ : 5i 4S7 U .6 7b? ,91179 ,735r+ 

1 



TABLE 1 CONT.'C 
STATION 42 TRANSFCT RIG PERIOD POST-DkILL 

REPLICATE TOTAL 

RANK SPECIES 1 2 3 u 5 6 INnIV1fito) ; LS Of,CURktrt~kS 

1 SPIONipAE 30 1 3 3 11 48 5 
2 PAkAPR1l1NqSPIO PINNATA 6 6 6 N 3 12 41 6 
3 PARAO+VIS GRACII.IS 3 7 8 13 3 S 39 6 
q MOTUMASTUS CF LAIERICEUS 6 7 7 2 ? 12 36 6 
5 MEUIUMA5TU5 CALIFORNIEti3IS 9 9 3 7 1 4 33 h 
6 NEPHT1rS INCISA Z 5 S u 14 30 5 
7 AMPELISCA AHUITA 6 1 6 ? 9 5 29 b 
N EUDOkELLa MUNOGON 1 3 7 3 6 2P~ S 
i9 NEMERTINEA 10 3 3 ? 1 19 5 °° 
10 ARICIDEA JEFFREY5II ]4 1 1 2 Is 4 
11 COKi3ULA CF CONTHACTA 10 2 2 2 16 y 
12 LUMbRINEHIS PARVAwEOAtA 2 3 2 2 4 3 16 6 
13 aMPELISCa vEHRILIJ 2 1 3 b 2 14 5 
iu aMPEI.ISCA AGnSSIZI 1 8 2 z 13 v 
15 SIGAMii1tA TENTACULATA 3 3 3 1 ] 1 4 
16 COSSURA DELTA 2 1 3 1 2 1 10 6 
17 VITRINELLA FIURIDANA 1 K 1 fN S 
18 MAGELOMA F?OSEA U 1 2 1 H U 
19 AMWHARETE PAkVIf)ENTATA ?_ 4 1 1 8 4 
20 aHSEUpES SPA 4 2 i 7 3 
zt r,IkHOPHUftU3 LYRIFQRMIS 2 i 2 1 1 7 5 
22 VENEkIDAE 1 2 3 1 7 4 
23 THAItYX MAHIQNI 1 4 2 7 
24 MAGELONA LpNGICURNIS 3 1 1 1 t+ 
25 ASYCMI3 GAROl1NAE 4 2 6 2 
26 TtiakYx nrvNULnSi.#S 2 2 1 5 3 
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5b PAY] Il I I)AF 
i! l;(l~vtNLA(' 

* 
IDaE 

!,K lF Pnn(ifsuKNrfA 
59 P14101408PIO C1+1$1ATn 
h~~+ fknCHrrtMnEUS SIMILIS 
bt u10Naikn IKIDENIATA 
t,2 pSti.lljbIkYTHl1E I41kJ1;11A 
6 ; LON1tKINE.KIS ItNU13 
hq fl'.titN1A FUSIFI)ItNIS 
t) 5 NYCflI04;flri 11) A 
nh PINM4IHFK11)AE 
47 MERE INNICUN) SPA 

TABLE 1 CONT.'D 
kFi'LTCATE 

f 2 3 ~1 5 h 

1 
1 

1 

TOTAL 

Iw~1VIDUALS ~~CCiJkkFivCES 

1 1 
1 I 

t 
1 1 

1 1 
1 1 
1 

1 
1 
1 

1 1 
1 1 

1 1 
1 1 

ij0, OF S1'F C IF S 311 29 31 27 30 27 
r10, (1F li`ll)IV111UAC!i 1214 91 N1 7m 7 :3 Nq S31 

0 

STATIM+ IkANSECT SPf_CIEti Ir11) IV 11il I ALS P 1VEkSITY PTF ENilI1AH1l ITY 
R16 b7 s315 5 .0 iv7 ,y575 .7461 

1 



TABLE 1 CONT.'D 
STATION 44 TRANSECT RIG PERIOD POST-DRILL 

REPLICATE TnTAL 

RANK SPECIES 

1 NOTOMASTU3 CF LATERIGEUS 6 1 12 6 2 b 33 6 
Z PAHAPRION03PI0 PINNAIA 5 3 7 9 2 3 29 6 
3 LUMARINERI3 PARVAPFDATA 2 2 13 3 20 4 
4 EUDOI+ELIA MONODON 2 7 1 9 1 19 5 
5 AMPELISCA A80ITA 2 12 3 1 fs 
6 MEDIOMASTIIS CALIFAFtN1ENSIS 1 2 2 13 1R U 
7 NEPHTYS INCISA 4 7 1 3 1 1 17 6 
8 PARAONIS GRACILIS 3 2 3 4 U 16 5 a, 
9 VITRIYELIA FLURIDANA 6 fp 16 2 

lA C033UkA DELTA 3 3 5 3 1 15 5 
11 Ap3EUDE3 SPA 2 2 5 q 3 
t2 VENEKIDAE 3 4 2 9 3 
13 SIGAMyRA TENTACULATA 1 ? 3 2 P 4 
14 aMPFLiSCA VEKRILLI i 4 3 e 3 
15 ACLIS SPA 2 1 y 7 3 
16 AMPEI.ISCA AGA8SIZI 3 1 2 1 7 U 
17 NEMERTINEA 1 2 1 2 6 
lA MAGELONA LONGICURNI3 2 1 3 b 3 
ly OPHIUROIDEA 2 1 1 4 3 
20 PINNUTMERIDAE 2 1 1 4 3 
21 THAf21lX ANNULOSUS 1 2 1 4 3 
22 ARMANDIA MACULATA 2 1 3 2 
23 ANCISTROSYLLI3 JONE3I 1 2 3 2 
24 NtNt1E NIGRIF'E$ 1 1 1 3 3 
25 3PIONIDAE 1 2 3 2 
26 PAHAr)+VIDAE 1 1 1 3 3 



TABLE 1 CONT.'D 
2] M.A(sf.LUNA 11115EA I 
2a VULVIILf.l_LA IExA9IANn 1 Z 
t9 L4jMNi+INF,MIS TFMUIg I > > 
3ti (:YP11S V'If1ATA 
31 CIlowrr+fiKiiS LYItIF'OuMTq 1 1 
32. PHILINF 5nf,HA 
13 3P10PHANtg SPA 
Sq C01tHill_A CF CuwlFcAf.1 A 
;S MYUki17UA 
3e AmNilakE 1 1 uaE 
3~ nsrcNIs H.ONCnIA t 
~S M NN11 kllr4 J V A 
39 4ALACKFi+ns SP 
qA !iTGAMItKA 3F' 1 
ql NENtITYtlIAE 
42 w01u14ASTU3 LATEk[CF.llg 
43 CIEr"UCNf_lES 311 
44 I)/flPAfkA IkIVF:N1ATA 
45 nkirluFa ,IEFFIeEr3II 1 
yb Dk I LANE l+t I S MAGNA 
41 ONuNHIDnf. 
qH ALNHEtIS fl.lIR111AM1IS 
4y ri 1 PN(~~wt 004 CF SE i+1<AjUS 
50 I)iOl'AiKA CIIpkEA 
S] A131tN AEWUALIS 
52 pOL 1f0uRn L I rr, I 
5 i ~~1A f ICA pUS1LLA 

1 

1 

i 

3 

NO, (.1F SPECIES 19 36 ra 25 11 to 
NO . OF IrvQIVII)UALS Nq NH 61 7W ?H 4? S?5 

i 
01 
N 

STAf11) 01 IrtAN3f:C1 SF'F.C1ES IH II lVI1111 ALS I)IVENSiTY P1F tWIlITAIiIL'!?Y 
it y 1<I(s SI sZS u,Hfi7/1 ,9StiN ,N441 

1 



TABLE 1 CONT.'D 
STATION 46 TFtA1vSECT RIG PERIOO POST-DRILL 

REPLICATE TOTAL 

RANK SPECIES 1 2 3 4 5 6 INUIVIhuALS nCCUltrtENCF3 

1 NnTUmnSTUS CF Ln1ERICEU3 2 9 2 ib 12 41 5 
2 EUUURELLA MONOI)llN 4 16 4 1 1 26 5 
3 PARAPHIONUSpIO I'INNATA A 7 2 2 5 2 26 6 
4 MEUIUMpgTUS CALIFORNIENSIS b 4 5 8 1 2 26 h 
5 aMNELISCA ndOITA R 6 z q zH u 
6 NEPHT1rS INCISA 5 3 1 3 ? lu S 
7 IUMHFtINERIS PAkVAPEpATA 4 2 2 2 3 13 5 tid 
Zt C(13SURA DELTA 2 4 3 2 2 13 5 a, 
pakaoNIS GKnCILiS 2 U 1 i 3 11 5 

ly APSEUUES SPA 2 1 8 it 3 
11 AMpELI3CA AGASSIZI 4 2 2 2 10 4 
1 r r!EMEKTINEA 1 2 1 1 1 4 114 6 
13 MAGELUNA LONGICOkNIS 2 2 1 2 l 1 9 6 
IN ARMANUIA MACUIATA 2 3 1 1 7 4 
15 CHEPtuuLa CF FOKNICATa 5 5 1 
lb AMPELISCA VFRRILLI 1 2 2 5 3 
17 MAGElONn kOSEn 1 2 1 a 3 
1H SPIUNIUAE 2 1 1 4 3 
19 VITkINELLA FLORII)ANA 1 3 y 
?N LtHAI)nMllrfPHA 1 2 3 2 
21 PnknONIDaF 3 3 t 
22 Af.L I S SPA 1 1 1 3 3 
23 wATICA FUSIILA 1 1 1 3 3 
24 PNi)TJU SPA 
25 C1RkOPMOHUS LYkIFC)RMT3 1 1 2~ 2 
26 41NuPMIUAE 1 1 2 2 



TABLE 1 CONT.'D 
27 srpuNcOLn i i 2 2 
28 LUMeRIMERIS TENU13 1 1 2 2 
29 COkHUId " CF C(1NIKACTA 2 2 1 
30 VENERII)AE 2 2 1 
31 CORYN,ORPHA PENUULA 2 2 1 
32 PHYLI.ODc1CE MUCO5A 1 1 1 
33 CLYTIA LCINGICYATHA 1 t 1 
34 aRICIUEA JEFFREYSII 1 l t 
35 ONHIUROIDEA f 1 1 
36 vULVULfLLA TExn31ANa i i t 
37 LISTRIEIIA BARNARDI 1 1 1 
38 LOVENELLA GRANDI3 1 1 1 
39 OXYUitUSTYLIS SP 1 1 1 
40 SIGAMNFtA NA3SI 1 1 1 
41 SI6AMBFtA TENTACUI.ATA 1 1 1 
42 AIJTO~~IA1F EVERMANNI 1 1 t 
43 GAMatAKU3 MUCRONATUS 1 l 1 
44 AFUICIRA HELGICAE 1 1 1 
45 NINOE NIGKIPES 1 1 i 
46 SPlr)PHANE3 SPA 1 1 1 
47 MACnMA TENTH 1 1 l 
48 nNCiSfRnSYLLIS JoNESI 1 1 1 
49 PYCNOGUNIDA 1 1 1 
50 DkIL4aEkEIS MAGNA 1 1 1 
51 AMPNARETE pAkvIDEMTaTn 1 1 l 
52 TI1ARYx MAkIUNI 1 1 1 

NO . OF SPECIES 31 22 lb 17 IS 19 
NO . OF INDIVIDUALS 73 75 32 34 45 49 30P 

ea 

STATION TRANSf_CT SPECIES INDIVIDUALS DIVERSITY PIE F11111TABILTTY 
gab RIG 52 308 4 .7187 ,9461 .7692 



TABLE 1 CONT . `D 
STATIt)I4 1 TRAN5ECT RIG PERIM) POST-DRILL 

REPLICATE TOTAL 

RANK SPECIES 1 2 3 4 5 6 IrJ~IVI(~UaLS cicCURKEr~CES 

1 AMPELISf.A ABDI1'A 3 17 4 1 ?.5 4 
2 NOTOMASTUS CF LATEkICEUB 3 1 S 4 A 21 5 
3 VI TRIWELLA Fl.okIDaNA b 7 2 15 3 
4 MEUIt)MASTUS CALIFt)RMIkNSIS 4 2 7 2 15 4 
S PARAPFtIONOSPIU F'INNATA 3 6 5 14 3 
b CUSSl1kA DELTA 6 1 2 3 12 4 
7 SIGAMHFtA IENTACULATA 2 4 2 1 1 10 5 
a SPIuNIOaE 4 1 3 2 1(o u all 
9 f;ONEPlAC1DAE 4 4 1 9 

10 +uEMERfINEA 2 1 4 2 9 4 
11 SPIONNANES SPA P 8 1 
12 PARAONIS GftACIL1S 1 U 1 6 3 
13 AMPELISCA AGASSIZI 3 1 4 2 
14 POLYDURA SP 1 3 4 2 
15 NEPMTY5 INCISA 3 3 1 
th mAGELUMn knSEA 3 3 1 
17 EUUORELLA MQNnUuN 2 1 -1 2 
18 LU^^HFt1Nk:HI5 TENUIS 1 1 1 3 3 
19 PkIONO)SP10 CRISTATA 1 2 3 2 
2kz MA1ICA SP ?. 1 3 2 
21 AlIrOMATE SP 1 1 2 2 
?7 MA(;EIONA LUNGICnRriIS ? 2 1 
23 !VINOE NIGKIPES t 1 ? 2 
24 AEUiCIRA KELGICAF 2 2 1 
25 AMPHAKEIE ACUTIFk()NS 2 2 1 
26 LUMHrr(NE14IS PnhNANEUAIA 1 1 2 2 



TABLE 1 CONT. `D 
27 AMPELISCA VERRILII 2 ; 
28 P(lLYDUHA CF SUCIALIS 1 1 i 
29 POIYDOFtA CF HAHTMANAE 1 
30 PAdA~ETOPELLA 1txENsIS I 
31 i)Pt1<<)GLYCER4 GIGANTEA 1 
3? PECrINAF2IA HEGnLIS 1 
33 NEitEID(N1cON) SPA 1 
34 sTHEwEIAis HOa 
35 AMPHARt1E PAF2VYUENTATA 1 l 
36 CIKR()PHURUS LYkIFf1FtMIS 1 1 
37 DRIloNEkEIS MAGNA 
38 CERIANTHARIA 1 ' 
39 VENEitIDaE 
40 MALACOCEROS SP > > 
41 THARYX ANNUI.OSUS 1 1 
42 PAGIJRINAE 1 
43 OWENIA FUSIFOKMIS 1 
44 CNAETOPIFRIDAE 1 
X45 Ct1K8ULA CF CONTkACTA 1 
46 CIRHATuLII)AE 1 1 
47 ARMAN()1 A MAGULAI A 1 
48 AbkA AEWIIALIS 1 1 

1 

l 1 
1 
1 
1 

II 1 
1 
1 
1 
t 
1 
1 
1 

I 1 
l 1 
l 1 
l 1 

1 
I 1 

1 
1 

NO . OF SPECIES 19 4 13 26 14 20 
NO, OF INDIVIDUALS 49 10 22 82 16 37 216 

ol 
o+ 

STATION THaNSkCT SPECIES INDIVIDUALS DIVERSITY PIE E«iilTnH[L1TY 
1 kIG 118 216 4,77118 ,951A ,a750 
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TABLE 2 

LIST OF INVERTEBRATE .EPIFAUNAL SPECIES 
AND THEIR ABUNDANCES FOR EACH TRAWL COLLECTION . 

SPECIES ARE RANKED BY ABUNDANCE 

Explanation of Table 2 : 

RANK Species ranked by total day-night abundances 
M Males 
FM Females 
FAE Females with eggs 
DIVERSITY Shannon-Wiener diversity index 
PIE Hurlbert's Probability of Interspecific Encounter 
EQUITABILITY Lloyd and Ghelazdi's measure of evenness 



TABLE 2 

STATION 1 TRANSECT 7 PERIOD PRE-RIG 

DAY NIGHT TOTAL 

HANK SPECIES TOTAL M FM FEE TOTAL M FM FEE INUIV M FM FAF 

1 9ICYONIA DUR9ALIS 6 2 4 A N A A N 6 2 q N 
2 CALLINECTES SIMtLI3 3 1 1 1 N N N A 3 1 f 1 
3 PEf+AEU3 AZTECU9 2 1 1 0 N N 0 H ? 1 1 N 

0 0 0 0 0 a * 0 0 a 0 0 0 0 0 0 0 0 
00 

p10, OF SPECIES ; N 3 
NO . OF INDIVIDUALS 11 q 6 1 (A P N N 1) 4 h 1 

STATION TknN3ECT SPECIES INDIVIDUALS DIVERSITY PIE EQUITABTLTTY 
1 7 3 11 1 .4378 .6545 110169161 



TABLE 2 CONT.'D 

STATION 36 TRAN3ECT 7 PEkIO0 POST-RIG 

DAY NIGHT TOTAL 

HANK SPECIES TOTAL M FM FEE TOTAL M FM FEE INDIV M FM FEE 

1 1kACHYNENAEU3 9IMILI9 29 3 26 29 3 26 
2 SQUILLA CMYDAEA 14 3 1 1 1 4 3 1 1 
3 PE.NAEUS AZTECU9 5 1 4 5 1 4 
4 3ICYUNIa unK9ALJS q 1 3 u l 3 

N0, OF SPECIES 4 4 
NO . OF INDIVIDUALS 52 A 44 52 H Uq 

;TATION TItaN3FCT SPECIES INDIVIDIJALS DIVERSITY PIE EQUITABILITY 
36 7 4 52 1,5916 .6131 1 .0000 

~o 
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TABLE 2 CONT.'D 

STATION 30 TRAN3ECT 7 PERIOD POST-RIG 

DAY NIGHT TOTAL. 

HANK SPECIES TOTAL M FM FEE TOTAL M FM FEE iNDIV M FM FEE 

1 1RACNYPENAEU9 9IMILIS 30 1 29 3A 1 29 
2 PENAEUS AZTECUS 5 4 1 5 4 1 

3 3ICYONIA D(1N9ALj9 2 1 1 2 1 1 
r 

NO . OF SPECIES 3 3 
N0, OF INDIVIDUALS 37 6 31 37 6 31 

STATION TRANsECt SPECIES INDIVIDUALS DIVERSITY PIE EoUITAHILTTY 
314 7 3 37 ,8b45 .3303 .bbb7 



TABLE 2 CONT.'D 

STATION 34 TRaN3ECT 7 PERIOD POST-RIG 

DAY NIGHT TOTAL 

. . . . . .o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

HANK SPECIES TOTAL M FM FEE TOTAL M FM FEE INI1IV M FM FEE 

i TRACHYPENAEU9 3IMILIS 33 33 33 33 
2 sOUILLA cMYOAEa 12 S 7 12 5 7 
3 SICYONIA DOR9Al.IS 9 4 5 4 4 5 
4 PENAEUS aZTECU3 6 3 3 6 3 3 
5 PURTUNU3 GIHHE3II 3 1 2 3 1 2 
b 3ICY(1NIA NREVIR03TRI3 1 1 1 1 

N() . OF SPECIES 6 6 
I(1, OF INDIVIDUALS 64 14 58 64 111 5P 

STATI ON TRANSECT SPECIES INDIVl0UAL3 DIVERSITY PIE Ef)l1ITAHIITTY 
34 7 6 64 1,9677 .6786 ,333 

i v 
N 



TABLE 2 CONT.'D 

STATION 32 TRANSECT 7 PERIOD POST-RIG 

DAY NIGH] TOTAL 

" " " " " " 9 " " * 4 " " " " " " " " " " " " " " " 010 " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " 
" " " 4 9 " " " " " " " " 1 9 " " " " " a 

RANK SPECIES 70TAL M FM fAE TOTAL M FM fAE INpIV M FN FEE 

1 TRACNYPENAEU9 SIMILI9 46 5 41 46 5 U1 
2 sICYaNIa DoR9AlIS 36 17 19 36 17 19 
3 SQl1ILLA CHYDAEA 16 5 11 16 5 11 
4 A5TR(1PECTEN DUPIICATU9 8 8 
5 PENAEUS AITECU3 7 5 2 7 5 2 
b PORTl1NUS GIHHESII 1 2 5 3 7 2 5 3 
7 CALLINECTES SIMILI3 5 6 2 5 6 2 
A PuRCELLANA SAYANA 3 3 2 3 3 2 
9 SQUYLLA EMPU3A 1 1 1 1 

lH LIHINIA EMARGINAYA 1 1 1 1 
11 3ICYUNIA HREVIROSTRI3 1 1 1 1 

NO . OF SPECIES 11 It 
N(1, of INDIVIDUALS 131 43 83 5 131 43 83 5 

STATION TItANSECT SPECIES INDIVIDUALS DIVERSITY PIE EOU ITANILITY 
32 7 11 131 2 .58N7 .7806 .8192 
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APPENDIX F 

ATTACHMENT A 
METHODS FOR HYDROCARBON ANALYSES 

Bureau of Land Management 
Contract No . AA550-CT6-17 
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ATTACHMENT A 

Contract No . AA550-CT6-17 
Page 88 

METHODS FOR HYDROCARBON ANALYSES 

Bureau of Land Management 
9 June '1976 

Contractors shall carry out all extraction steps as described in the 
following sections to obtain the aliphatic and aromatic hydrocarbons 
from the samples prior to analysis by gas chromatography-mass spectro-
metry-computer techniques . When alternate procedures are permitted, 
the Contractors shall select and use only one procedure for all samples 
for the duration of the contract . At least ten percent of all gas chrom-
atographic separations conducted in performance of the contracts shall be 
analyzed by mass spectrometric computer techniques . Additional analyses 
may be requested if significant qualitative variations are noted by the 
Contractor during the process of the analytical program . 

Frequent analyses shall be performed on the reagents and solvents used in 
the laboratory, including, without fail, each batch of solvents . This 
will be accomplished by processing a blank completely through the analy-
tical procedure such that glassware, chemicals and techniques may be 
monitored . Samples of fuels and lubricants used on the ship during the 
cruise shall also be analyzed since they are possible sources of contami-
nation . Extraction and recovery procedures shall be checked periodically 
by spiking a native sample with appropriate n"alkane and polycyclic aromatic 
standards . 

1 . Extraction of Sediment Samples . The recommended minimum sample 
weight is 100_,g . This amount can be increased for sediments found to be 
how in extractable organics . Every fifth sample shall be spiked with a 
0 .1 ug hydrocarbon spike/g sediment using an appropriate n-alkane or 
isoalkane standard and a polycyclic aromatic standard which falls outside 
of 'the spectra of the compounds being measured . Alternately a radioactive 
tracer may be used . 

The sediment sample._is then freeze-dried .' This procedure serves to 
minimize sample manipulation . The freeze dried sediment is then. extracted 
by either (a) the soxhlet technique, or (b) the reflux technique . 

(a) The Soxhlet Extraction 

The freeze dried sediment is placed in a soxhlet thimble 
and extraction is allowed to proceed for 100 hours, or .300 turnovers, 

1Remove sample when dry . Contamination occurs during prolonged pumping 
on a dry sample . A complete column chromatographic-gas chromatographic 
analysis of the more volatile components of the vacuum pump oil should 
be performed to aid in the detection of contamination . 

2The Soxhlet thimbles are thoroughly extracted for 72 hours using the 
toluene and weighed prior to addition of sample . If possible, glass 
fiber thimbles should be used . 
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Contract AA550-CT6-17 
Page 89 

Hydrocarbons, page 2 

with one solvent change after twenty-four hours. The solvent system 
to be used is a toluene :methanol (3 :7) azeotrope . The extracts obtained 
from the sediment extraction and water washing are then combined and 
reduced in volume .3 The dry weight of the extracted sediments is deter-
mined while in the thimble after oven drying at 80°C to constant weight . 

b . The Reflux Extraction 

The freeze dried sediment sample is extracted with at least 
200 ml of a toluene:methanol (3 :7) azeotrope by refluxing for at least 
seven hours . The extract is then decanted and then replaced with another 
equal volume of toluene :methanol (3 :7) which is refluxed for an additional 
seven hours . The toluene/methanol extract is then decanted and the 
residual sediment is then washed with 50 ml of n-heptane at 50°C . The 
extract obtained from the sediment wash is then decanted . 

If no sedimentary material is noticed in the extracts, they can be 
combined immediately and reduced in volume . If sedimentary material 
is noticed in the extracts, they should be centrifuged for 15 minutes 
at 1500 xg or filtered . The supernatants are then decanted and combined . 
The residual material will be mashed with n-heptane at 50°C and then 
centrifuged or filtered . Following centrifugation (filtration) the 
supernatant (filtrate) and the extract obtained from the water washing 
of the sediment are added to the combined n-heptane/toluene extract and 
reduced in volume. Additionally, the dry weight of the extracted sedi-
ment is determined after oven drying at 80°C to constant weight . 

The presence of elemental sulfur is determined on at least one sample 
per suite by dipping activated copper wire into the extract . If the 
wire becomes coated immediately, all samples shall be tested for sulfur . 
The sulfur shall be removed by reaction with activated copper . The sol-
vent is reduced in volute and then saponified in accordance with the 
procedure described is section 7 . The sample is transferred to a tared 
vial and the remaining solvent removed with pre-purified N2 and weighed . 
The sample is then dissolved in a small volume of n-haptane`'for column 
chromatographic analysis . 

3Techniquea recommended for concentration of solvent extracts include 
the use of rotary evaporators, Ruderna-Danish evaporators, purified 
nitrogen stream, etc . If a hot plate is used, it should be adjusted 
to no more than 40'C to accelerate the removal of the residual solvent . 

`n-hexane and n-pentane can be substituted for n-heptane in all appli-
cations . 
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2 . Extraction of Macroinfauna/Flora . Approximately 100 grams of 
tissue shall be used for all analyses . When possible, a minims of five 
organisms or portions thereof should be used for an analysis to minimize 
the natural variability of hydrocarbon content in conspecifics . The 
samples shall be handled according to either Method (a) or Method (b) 
below : 

(a) Method A. The weighed samples will be homogenized along 
with any water present and an aliquot of the homogenate will be removed 
and placed in a tared beaker and dried at 60°C .until a constant weight 
is obtained . In this manner, the weight and dry weight of the sample 
is obtained . The remainder of the homogenate will be saponified and 
extracted according to the procedure described in section 7 . 

(b) Method B . The sample shall be transferred after defrosting 
for a short period to a tared round bottom flask . Small samples shall 
be used whole ; while large samples may be cut into smaller pieces as 
needed for transfer into flasks . The flask with sample shall then be 
re-weighed . Representative aliquots of the sample shall be dried to 
constant weight at 60°C . In this manner a wet and dry weight of the 
sample is obtained . 

In the flask shall be added 0 .05 g KOH/g tissue and approximately 50 ml 
of methanol . The sample shall then be refluxed for four hours . At the 
end of this period, the contents of the flask shall be inspected and if 
the digestion of the tissue is not complete, heading shall be continued 
until no tissue remains . When the digestion appears complete, a volume 
of doubly distilled water equal to the initial solution shall be added 
to the flask and the mixture shall be refluxed for an additional hour . 

After the final reflex has been completed, the mixture shall be diluted 
with an equal volume of a saturated NaCl solution and extracted as 
described in the saponf ication procedure found in section '/ . 

Upon recovery of the non-saponified lipid extract, it will be trans-
ferred to tared vials and the remaining solvent removed under a gentle 
purified nitrogen stream . The weight of the non-saponifiable lipid res-
idue is then determined . 

Following weight determination, the non-saporiifiable lipid residue is 
dissolved in a small volume of n-heptane and fractionated in accordance 
with the column chromatography procedure (section 8) . 

3 . Extraction of Suspended Particulate Material . Filters contain-
ing the particulate hydrocarbon samples shall be thawed and then refluxed 
with 50 ml of n-heptane for one hour . The extract shall be decanted and 
replaced with 50 ml of CHC13 and reflused for an additional hour . The 
extracts will be combined and reduced to near dryness . . A gentle stream 
of purified N2 will be used to remove the remainder of the solvent . The 
weight of the lipid material will then be determined . 
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Following a weight determination, the sample will be dissolved in 
n-heptane and fractionated as described under column chromatography 
(section 8) . 

4 . Extraction of Plankton . The frozen zooplankton sample will be 
thawed in the original container and then poured into a pre-cleaned 
cellulose extraction thimble (Whatman, single thickness, 33x80 mm) and 
allowed to drain relatively free of seawater . The sample will be placed 
in a Soxhlet extractor and continuously extracted for 10 to 20 hours 
with a methanol-toluene azeotrope . The solvent is to be replaced and 
the extraction repeated from an additional 10 to 20 hours to remove the 
remaining hydrocarbons . The extracted residue is then dried to constant 
weight at 80°C and weighed . 

The extracts are to be combined and the excess solvent removed using a 
rotary evaporator under partial vacuum at a temperature no greater than 
50°C . This total extract is then saponified and fractioned in accordance 
with the procedure described in sections 7 and 8, respectively . 

5 . Extraction of Water Samples . The filtered water samples will be 
extracted with CHC13 . The extraction efficiency will be demonstrated 
prior to any analyses being accomplished, and shall be greater than 90% 
for aliphatic and aromatic compounds . The CHC13 extract shall then be 
reduced in volume and then taken to dryness with a gentle stream of 
purified N2 . The lipid residue will be weighed and then re-dissolved 
in n-heptane for column chromatography . 

6 . Contaminant Sample Analysis . Samples of fuels, Tube oils, and 
oily bilge water shall be fractionated via column chromatography as 
described in section 8 and the fractions characterized via gas chroma-
tography as described in section 9 . Oily bilge water samples shall be 
extracted with chloroform prior to the column chromatographic separation . 

7 . Saponification. All samples requiring saponification will be 
handled as described below. Saponificiation will be carried out by 
refluxing the sample with a 1:1 :1 mixture of 0.5 N KOH in methanol :tol-
uene :water or a 0 .5 N KOH is methanol . This mixture will be refluxed 
either under purified N2 or with a filter of molecular sieve of silica 
gel to prevent contamination from external hydrocarbons in the laboratory . 
The saponification reaction shall be continued for at least four hours . 
Following the saponification with .5 N ROH in methanol an equal volume 
of water shall be added and this mixture shall be refluxed for an addi-
tional hour . (If GC-MS analyses indicates the presence of methyl esters 
the water shall be added to the initial reflux solution .) 

Upon completion of the saponification reaction, the mixture shall be 
diluted with an equal volume of saturated NaCl solution . If no emulsion 
exists, the toluene layer shall be decanted, followed by these extractions 
of the aqueous mixture with n-heptane . If toluene is not used, the sapon-
ification mixture is simply extracted three times with a n-heptane . 
The volume of n-heptane used for such extractions shall be equivalent 
to the volume of methanol initially used in the saponification . The 
toluene and n-heptane fractions are then combined and reduced in volume . 
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If an emulsion exists, the entire mixture shall be extracted three 
times with the n-heptane (occasionally, an emulsion will break by simple 
standing) . The extracts obtained shall be placed in glass centrifuge 
tubes with teflon-lined caps and then spun down so that the phases can 
be easily separated . The organic phases will then be combined and back 
extracted with an equal volume of saturated sodium chloride solution . 
The saturated sodium chloride solution will then be re-extracted once 
with n-heptane and all the organic phases will be combined . The organic 
solvents will then be reduced in volume prior to column chromatographic 
separation . 

8 . Column Chromatography . All sample types will be chromatographe 
in the manner described below. A weight ratio of about one hundred (100) 
parts alumina to one (1) part lipid sample and 200 parts silica gel to 
one (1) part lipid sample will be used . The column should have a length 
to i .d . ratio of approximately 20 :1 . Both the silica gel and the neutral 
alumina will be Activity 1 . The column should be rinsed with at least 
two column volumes of n-heptane . 

At no times should the column be allowed to run dry. The extract will 
then be applied to the column in a small volume of n-heptane and the 
aliphatic fraction eluted with two column volumes of n-heptane . This 
will be followed by elution of aromatics with two column volumes of 
benzene . The eluates from the two fractions will then be taken to near 
dryness . They will then be transferred to screw cap vials with either 
aluminum or teflon lined caps, and the remainder of the solvent removed 
with a stream of purified nitrogen . The weight of each fraction is then 
determined prior to GC analysis . 

Following column chromatography, all eluates will be analyzed by gas 
chromatography . 

9 . Gas Chromatography Separations . Each eluted fraction obtained 
from the column chromatographic separation will be quantitatively 
dissolved is a small volume of n-heptane or other suitable solvent for 
injection into the GC . Stainless steel capillary columns coated with 
Apiezon L, OV-101, DEGS or SE-30 should be used for the analysis . The 
capillary colas should be high resolution . When the capability does 
not exist to use SCOT capillary columns, packed columns using liquid 
phases such as FFAP and OD-Y01 will be permitted providing the required 
resolution is achieved . 

The column(s) should resolve n-C17 from pristane and n-C18 from phqtane 
with a resolution (R) of approximately unity, where 

R " 2d/wl + w2 and, 

w is the width of each peak at the 
base of one phase for both pairs 
of components, and 

d is the distance between apices . 
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Further, the column (s) must be capable of resolution of hydrocarbons 
from n-C14 through at least n-C32 . When necessary, a second column may 
be employed to clarify unresolved components . 

The gas chromatograph shall be capable of linear temperature programming 
and will be operated with a hydrogen flame detection with a sensitivity 
of at least 5 x 10-11 gms/sec for n-decane at a signal to noise ration 
of 5 :1 . It is recommended that an electronic integration be used for quan-
titation of peak areas . Retention indices may be computed based on 
known standards . 

The gas chromatographic analysis should allow for isolation and charac-
terization of the following : normal alkanes from C14 to at least C32 ; 
branched and isoprenoid alkanes from C14 to at least C32 ; condensed 
and non-condensed cycloalkanes (in a cursory way, if present) ; and homo-
logous series of alkyl benzenes and alkyl-substituted polycyclic aro-
matics such as chrysene with retention time up to n-C32, when such iden-
tification is certain . 

10 . Gas Chromatographic-Mass Spectrometric (GC-MS) Instrumentation . 

Identification of organic components will be by GC-MS techniques 
using the same gas chromatographic columns described above . Most mass 
spectra will be obtained by low resolution methods (unit resolution at 
m/e'1000) . The resolution (R) is defined (R-a/Dm) where m is the mass of 
the first peak in a doublet and Dm is the difference in the masses of the 
two peaks . A lOX valley is assumed between the two peaks measured . The 
GC-MS systems employed will have the ability to produce recognizable 
spectra at the aforementioned resolution for 20 ng of methyl stearate 
at a scanning rate of 4 sec/decade when the sample is introduced through 
the GC inlet and the instrument is operated in the low resolution mode . 
Calibration of the mass spectrometer should be performed by use of a 
perfluorokerosene or other fluorinated material . 

Interpretation will be verified as often as possible by comparison with 
the following low resolution mass spectrometry references in addition 
to the usual literature sources and/or through comparison with previously 
obtained spectra for standard compounds . 

(a) Eight Peak Index of Mass Spectra (Mass Spectrometry Data 
Center, Atomic Weapons Research Establishment, Aldermaston, England, 
1970) . Vols . I and 2 . 

(b) Stenhagen, E ., S . Abrahamsson, and R. W. McLafferty, Atlas 
of Mass Spectra Data . (Iaterscience, New York, 1969) . Vols . 1 and 3 . 

(c) American Petroleum Institute Project 44 Selected Mass 
Spectra Data (Thermodynamics Research Center, Texas A&M University) . 

Where positive identification cannot be made, the compound shall be 
identified as unknown or the molecular weight (deduced from MS) shall 
be given . If other literature sources or reference compounds are 
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employed for qualitative purposes the Contractor shall so specify as 
part of the final report . Information on instrument operating con-
ditions shall also be provided in the final report such as source 
temperature, source pressure, acceleration voltage, type and temperature 
of molecular separator, and scan rates . 

11 . Computer Instrumentation . All GC-MS instrumentation will be 
computer supported . The computer will be capable of on-line acquisition 
of data and storage of raw data on magnetic tape or disc . 

The computers are capable of several different output functions to provide 
data in a form that facilitates interpretation. Such functions include : 
(a) correction of mass spectrum for background signal ; (b) plotting of 
total ion chromatogram ; (c) plotting of normalized mass spectrum, and 
(d) print-out of normalized data in digital form . 

Tn addition, the subtraction of any one spectrum from another as well 
as the enhancement of selected portions of a specific spectrum is 
possible . Input/Output devices include a teletype, a hard copy unit 
and an oscilloscope display . All mass spectral data will be stored 
intact and catalogued in such a way as to be retrievable at a later 
date for further interpretation, evaluation and comparison to specific 
gas chromatographic separations . 

12 . Archives for Data . Both GC and MS raw data will be catalogued 
and stored in either hard copy, magnetic. tape and/or disc form for a 
period of two years following its generation in the laboratory, or until 
notified by the COAR as to their proper disposition . 

13 . Interlaboratory, Calibration . Interlaboratory calibration 
shall be performed between all laboratories participating in HMW hydro-
carbons analyses . Four standard crude oils (API oils) and aliquots 
of at least four environmental samples collected under this contract 
will-be distributed to all participating laboratories for analysis . 

14 . Report .Format . The Contractor shall report results of all 
analyses of reagents, blanks, solvents, standards, spiked samples, 
fuels, lubricants, and interlaboratory comparisons . 

The qualitative and quantitative data shall be presented in a tabular 
form. Also, illustrations of typical gas chromatographic separations, 
as well as any separations showing unusual components, shall be included 
in the final report . Illustrations shall include as a minimum one for 
each sample type (i .e ., sediment, water, particulates, and fauna) and 
one for each type of column used . The use of white chromatographic paper 
is recommended since it facilitates photographic reproduction of the 
original . 

Each major gas chromatographic peak shall be identified by some sequential 
system with identifiers referring to specific compounds by name, formula, 
or retention index in the corresponding table . A quantitative value 
calculated from gas chromatographic data shall be presented for each 
compound so noted . Values shall be expressed as follows : ug/g dry weight 
of sample for all but particulate and water samples which will 
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As a minimum, the following information shall also be tabulated : 

Pristane J phytane ratio, 
pristane/n-C17 ratio, 
phytane/n-C18 ratio, 
total alkanes recovered, by weight 
total unsaturates recovered, by weight, and 
ratios within homologous series . 

Weights for total alkanes and aromatics shall be determined gas chroma-
tographicallq . When other data, such as total lipids, can be deter-
mined they should also be reported . The use of correlative relations 

such as : odd-even ratios, odd-even predominance (OEP) ratios, and un-
resolved complex mixture (UCM)/resolved components, etc., shall be used 

whenever possible . 

The Contractor shall develop a standard reporting format for use by all 
principal investigators doing high molecular weight hydrocarbon analyses . 

The final report shall contain data results of each analysis to include : 

a summary of compounds suspected of being contaminants, and, if possible, 

their source, the report shall contain recommendations for eliminating 
contaminants from samples . The report shall contain extraction 
efficiency and analysis recovery information . The report shall contain 

specific details for all methods used and shall include all instrumental 
operating conditions for all sample analyses . 
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The Contractor shall analyze samples in accordance with the following pro-
cedures. All water utilized shall be doubly-distilled and deionized (or 
equivalently non-contaminating) . All acids used shall be of such quality 
that the reagent blanks contain insignificant amounts of sought after or 
interferring elements . As a minimum, acids should meet or exceed the 
specifications of analysis on J.T . Baker "Ultrex" grade acids (this may 
be accomplished through the use of a sub-boiling silica still) . All glass 
and plasticware employed must be vigorously cleaned by detergent washing 
followed by 5 rinses . The soaking in nitric acid (1 :1), followed by 
5-10 rinses with distilled water . Finally, the labware must be washed 
in hot hydrochloric acid (1 :1), and rinsed with copious amounts of 
distilled water . The labware is then air-dried at room temperature over 
a metal-free surface . 

It should be noted that the amount of sample employed or reagents used, 
as described in the following stepwise procedures, can be modified to 
achieve lower detection limits, more sensitive analyses, or more 
complete sample dissolutions . 

It should be emphasized that the above is a minimum set of general analy-
tical specifications, which must be adhered to consistently . 

1 . Zooplankton . A large portion of the sample (l0 g) is dried to a 
constant weight at 60°C (or freeze-dried) and reweighed to determine dry 
weight biomass . 

(a) Method 1 . The dried samples shall be ground with an acid-
rinsed, agate-lined mortar and pestle, and a 0 .5 to 1 g subsample taken 
and ashed in an oxygen-plasma system until ashing is complete . The entire 
amount of ashed material shall then be transferred, on a clean bench, 
to a Teflon (T .F .E .) bomb, to which 3-4 ml of 70% nitric acid has been 
added . The sealed bomb is then placed in a water bath at 90-100°C for 
two (2) hours . The bomb is then opened and rinsed out with doubly dis-
tilled, deionized water in two or three washes (both cap and cylinder) 
into a centrifuge tube . Filtration through 0 .47 y Nucleopore filters can 
be substituted for centrifugation to eliminate suspended matter in all 
biological digestates . After centrifugation (or filtration) transfer 
the 'supernatant (or filtrate) to a Teflon or polyethylene,50 ml volumetric 
flask and bring iron (Fe), chromium (Cr), nickel (Ni), zinc (Zn), 
cadmium (Cd), copper (Cu) and lead (Pb) using either flame or flameless. 
atomic absorbtion spectrophometric (AAS) technique . The choice of 
techniques will depend on the element being analyzed, its concentration, 
and the sample size' however, it is anticipated that the analysis for Cd, 
as a minimum will require the use of flameless techniques . Barium (Ba) 
and Vanadium (V) shall be determined using an alternative instrumental 
technique described in section 5 . 
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(b) Met- hod 2 . A 1-2 g subsample of the dried biological material 
is weighed out, ground and homogenized as described above and 1 g placed 
in a refluxing system. Five (5) mls of 70% nitric acid (HN03) shall be 
placed in the system and allowed to digest the material at room tempera-
ture for 1-2 hours . Five (5) mls of concentrated sulfuric acid (H2SO4) 
may be added if deemed appropriate, is order to remove any residual traces 
of lipid material . After the frothing subsides, apply low heat and allow 
sample to reflex for 30 minutes. Open the system under a clean hood and 
allow the sample to evaporate to dryness . (NOTE : Whey the sample is 
nearly dry, reduce heat to prevent spattering .) When smoking ceases, 
increase the heat to 340°C . (NOTE : Increase the heat slowly to prevent 
ignition and possible loss of volatiles .) After cooling the sample, 
the residue shall be redissolned with an additional five (5) ml of 70% 
HN03 and heated slowly . At this law temperature purified 30% hydrogen 
peroxide (H202) shall be added dropwfse until the solution becomes clear 
and pale yellaai in color . After clearing, evaporate the solution to 
approximately 3 ml (NOTE : If the solution begins to darken, add addi-
tional (H202) . The solution shall then be transferred to a polyethylene 
25 ml volumetric flask and brought up to volume with distilled water. 
The elements to be analyzed for and the techniques to be employed are 
described in Method 1 above . 

(c) Method 3 . A 1-2 g subsample of the dried biological material 
is weighed out, ground and homogenized and 1 g placed is a ref luxing 
system. Add 10 ml of 3 :1 HN03 :HC10y per gram of sample . Refluxing should 
continue until HClOt, fuses are evolved . The mixture should be evaporated 
to near-dryness (NOTE : If charring occurs, add additional HN0g .) After 
each rinse, pour the washings into a centrifuge tube and spin down the 
particulate matter or remove it by Nucleopore filtration . Dilute to 
volume with distilled water . The elements to be analyzed for and the 
techniques to be employed are described is Method 1 above . Obviously, 
this method should be employed only where a perchloric hood is available . 

2 . Suspended Particulate Matter, The preweighed 0 .47 y Nucleopore 
filter pads containing the particulate matter shall be removed is a clean 
bench from the filter holders with Teflon coated forceps and placed in 
acid-rinsed Teflon or polyethylene jars . These jars will be placed in a 
dessicator over silica gel, sealed and then dried for 48 hours . After 
drying to constant weight, the filters should be neighed on a six-decimal 
place (one microgram) balance so that a calculation of the sass of sus-
pended particulate matter can be made . 

(a) Weak Acid Soluble Materials . To remove carbonate and absorbed 
elements, the filters should be leached for two hours with 25% 0/o acetic 
acid . Leaching shall be carried out in a clean beach, and during the tyro 
hour leaching period the samples should be covered so that they art not 
contaminated by fallout from the flow spoilers or other ea+fily degraded 
materials on the bench . The supernate is drained through the filter 
into as acid-cleaned Teflon or polyethylene 25 al volumetric flask and the 
filter pad rinsed twice with distilled eater, which is added to the flask 
as well . 
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Five hundred (500) ul of HC1 should be infected into the solution to 
prevent absorbtion of metals and brought up to volume with distilled water . 
The resulting solution shall be analyzed directly, or extracted and analyzed, 
by flameless AAS techniques . The elements to be analyzed for are listed 
'in section 1(a) with the exception that Ba and V will not be determined 
for the weak acid soluble fraction, but will be determined by INAA for 
the refractory portion described below . 

(b) Analysis of Refractory Suspended Matter . The suspended mat-
ter which remains after the leach with acetic acid is dissolved as follows : 
an Eppendorf or other comparable micropipette is used to inject 750 ul of 
concentrated HC1 into an au Teflon bomb containing the suspended matter 
and Nucleopore filter membrane on which it was collected . The bomb is 
then sealed and heated in a water bath at 90-100°C for 30 minutes . The 
bomb 3.s then cooled, opened and injected with 250 ul of concentrated HNO3, 
resealed and i-zsed for an additional 30 minutes in the water bath . 
After final cooling the sample is transferred to a Teflon or polyethylene 
100 ml volumetric flask and diluted to volume with distilled water . The 
elements to be analyzed for as instrumental techniques to be employed 
for this final solution are listed in section 1(a) . 

3 . Sediments . In order to evaluate the "biological availability" 
of selected trace metals as well as their total concentration in sediments, 
two procedures, discussed below in detail, will be employed . 

(a) "Partial" Digestion . The techniques described herein will 
be used for all sediment samples . In preparing the sediment samples, the 
entire sediment core obtained shall be thawed to room temperature in an 
acid-cleaned beaker . The wet sediment is mixed by stirring with an acid-
cleaned glass rod . Approkimately 20 g of the mixed wet sediment is 
then transferred to a tared beaker and large particles (3 mm) are removed . 
A 2-10 g subsample, as appropriate, of the dried sediment will be leached 
for two (2) hours in a covered beaker with 25% V/O acetic acid . In view 
of the varying geochemistries found in the different study areas, the 
Contractor may, at his discretion, substitute a SN HN03 . Once the selec-
tion has been made, however, the method chosen must be utilized for all 
samples . Particulate matter will be separated from the leachate by 

':er contrifugation or filtration as described in section 1 . The 
.:esultaat solution shall be analysed for the elements listed in section 
1, according to the techniques described therein . Further information 
on the preparation of samples for analysis of Ba and V by alternate instru-
mental techniques is provided below in section 5 . 

(b) "Total" Digestion . These additional analyses will be performed 
on only 25% of the total number of sediment samples, to evaluate the envir-
onment significance of partial versus total analysis data . A 10-18 g 
subsample of the dried sediment samples (prepared as described for the 
'partial" digestion method above) shall be transferred to an acid-washed, 
agate-lined mortar and pestle (or a non-mesh non-metallic sieve) . A 
1-10 g subsample, as appropriate, is then digested in all Teflon refluxiag 
system (which may consist of a Teflon beaker and watchglass) with 
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concentrated HCl for 1 hour at 90-100°C, on a clean bench apparatus . The 
solution is cooled, the system opened, and concentrated EN03 introduced 
in a 1 :3 ratio to the HCl; the resulting solution is heated for as addi-
tional 30 minutes at 90-100°C . After a second cooling, the system is opened 
and a sufficient amount of 48% BF introduced to disrupt the crystalline 
lattice of the sediment samples. The system is then closed and heated 
to 90-100°C for a minimum of one (1) hour . After a final cooling, the 
solution is transferred to an appropriate Teflon or polyethylene volumetric 
flask, and diluted to volume with distilled water . Elements to be 
analyzed for is the resultant solution and instrumental techniques to be 
employed are described is section 3(a) . 

4. Macrofauaa. In preparation of the samples for subsequent dis-
solution and analysis by the techniques described below, those organisms 
with limited fleshy portions (<100 g) should be used in toto after removal 
of the outer most layer . Individuals selected for pooling should be of 
approximately the same size, developmental stage and collected from approx-
imately the same area . For larger organisms,, the muscle tissue should 
be used for analysis . 

A large portion of the sample (Z 10 g) is dried to a constant weight at 
60°C (or freeze-dried) and reweighed to determine dry-weight biomass . 

The Contractor shall then proceed with one of the sample dissolution and 
analysis procedures described below, at his discretion. 

(a) Method 1 . See section 1(a) . 

(b) M,ethcd 2 . See section 1(b) . 

(c} Method 3 . See section 1(c) . 

5 . Other Instrumental Techniques . Due to the difficulties encoun-
tered sad lack of sensitivity for Ba and 0 when employing routine atomic 
absorbtion spectrophotometric (AAS) techniques, two alternate instrumen-
tal techniques have been selected for use is the BIM's program. The 
choice between these techniques is left to the discretion of the Contrac-
tor, however, the analytical procedure to be employed for each are 
discussed is detail below. Once the selection of techniques has been 
made, however, it must be employed for all samples . 

(a) Instrumental Neutron Activation Analysis (IIJAA) . 

(i) Biological Samples . Since the determination of D is 
marine samples by INAA is iaterferred with greatly by background activi-
ties from 24'Na and 38G1, pre-irradiation chemical separations should be 
made prior to the determination of 0. The chlorine is removed by adding 
0 .5 ml of concentrated H2SO4 to 3 ml of the biological digestate obtained 
in sections 1 and 2, respectively. These solutions are evaporated imtil 
S03 fins are observed . 

Na is thra removed by redissolviag the respective residue in 5 ml of 
8'rI X03 sad passing the resulting solutions through a column of hydrated 
antimony pentoaide (HAP) according to the procedures of Girardi sad 
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Sabbioni (1968) 1 . Trace metals, including 0, are quantitatively eluted . 
The eluates are evaporated to near dryness and diluted to S ml with dis-
tilled water . 

The samples obtained are then heated-sealed in acid-cleaned polyvials 
and irradiated separately for five minutes . If the neutron flux of the 
reactor employed varies more than 1% for any individual irradiation, alu-
minum flux monitors must be included with each sample for V determination . 
After an appropriate delay period (usually 3-5 minutes, such that the 
dead time is less than 30%) the 52V activity is measured by counting 
the 1434-keV gamma rays . A large volume Ge(Li) detector (with gain less 
than 3 keV/channel) coupled to a multichannel pulse height analyzer 
of five minutes, after which the entire spectrum shall be stored on 
magnetic tape for subsequent analysis . 

The determination of Ba for these samples shall be accomplished through 
the measurement of the 12 day 131ga activity . This allows the inter-
ferring 24Na and 38C1 activities to diminish significantly, and thereby 
obviates the necessity of pre-irradiation chemistry, as described for 
V analyses . Samples shall consist of 2 ml aliquots of the biological 
and refractory suspended matter digestates obtained through procedures 
described in sections 1 and 2, respectively . 

The Ba analyses shall be conducted by irradiating the samples described 
above for a 14 hour period . The samples shall all be heat-sealed in 
acid-cleaned polyvials and placed on a rotary specimen rack set in the 
reactor core, together with appropriate standards and blanks . Following 
irradiation the samples are allowed to "cool" for at least 14 days (but 
less than 24 days) before the 12 day l31Ba activity is counted through 
the use of a Ge(Li) gama ray spectrometer system similar to that 
described for V analysis above . The 131ga activity is determined from 
the intensity of one or both gamma ray lines at 29 keV and 124 keV . 
After two hour counting period the entire spectrum is stored on magnetic tape . 

Peak intensities shall be calculated and converted to concentration by 
comparison with appropriate standard reference materials containing 
known amounts of analyte . Corrections shall be made for varying delay 
times, dead times, and neutron fluxes as necessary . 

The characteristic of INAA is its mufti-element analytical capability . 
Therefore, the concentration data on trace metals of interest in the 
BIM program, which can be determined concurrently with the V and Ba, 
measurements, should be provided as well . It is anticipated that these 
elements will include Cu, Al, and Ca for the standard V irradiation and 
counting procedure, and Cd, Cr, Fe and Zn for .the standard Ba determina-
tion . 

1Girardi, F . and E. Sabbioni, "Selective Removal of Radio-Sodium from 
Neutron Activated Materials by Retention on Hydrated Antimony Peatoxide", 
Radio-Anal . Chem . 1:169 :178 . 1968 . 
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(ii) Sediment Samples . 

The procedures to be followed are detailed in section 
5(a)(i) with the following modifications . The seasitivitq of 0 determi-
nations is sediment samples will be improved by reducing Cl and Na inter-
ferences by rinsing with very pure water . This washed sediment will 
then be taken through the partial and total dissolution procedures 
described 3a sections 3(a) and 3(b), respectively. Aliquots of these 
two solutions are then quantitatively transferred to an appropriate 
polqvial and evaporated to dryness . Subsequent irradiation and counting 
procedures are to be performed as previously described . 

(b) Proton Induced B-Ray Emission (PIKE) . The usefulness and 
application of this technique is presently being evaluated in the BLM 
Mid-Atlantic environmental studies . The simultaneous determination of 
all elements with atomic number greater than 12 on a wide variety of 
..avironmental samples makes this a powerful analytical tool . 

While all samples to be analyzed by PZXE can be prepared and analyzed 
directly, until the evaluation process is completed, samples shall 
consist of digestates being prepared for AAS analysis as described above . 
These solubilized biological, sedimentary, and refractory suspended 
particulate materials (obtained from procedures outlined in sections 
1, 4, 3, and 2(b), respectively) shall be made into uniform, thin (500 
ug/cm2) dry deposits onto a thin (250 ug/cm2) high-purity carbon film. 
This film shall be impregnated with less than 50% (by might) of clean 
formvar on nucleopore for extra film strength . The proton source should 
produce protons with energies of 3 to 4 MeV . 

The prepared samples deposited on a thin film, shall be placed in the 
proton beam is a high-purity helium (He) atmosphere (at least 100 mm Hg) 
to prevent loss of volatile elements is vacuum . If it is determined 
during analysis that a certain element is present is such high concea-
trations, such that its signal masks that of near by elements, then an 
appropriate X-ray filter should be used to suppress the intense x-rays 
by a factor commensurate with the concentration of the abundant element . 

Since the sensitivity of PZgE analyses increases with the length of 
exposure time, the intensity of proton bean current, and thickness of the 
prepared sample; all three of these parameters should be adjusted within 
permissable limits to yield highest sensitivities for elements in each 
class of sample . 

Due to the possibility of interference by X-ray lines from different 
elements, the charactesistic:~%-ray spectrum from any sample must be 
analyzed in conjunction with a computer system using accurately measured 
single element characteristic X-ray "line" spectra and interactive 
mufti-element data fitting procedures, to ensure the most accurate 
quantification of various elements . 

Finally, using protons with energies of 3-4 MeV, the elements shall be 
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quantitated using K X-rays for elements with atomic numbers <_ 56 and with 
L X-rays for atomic numbers above 56 . 

6 . Quality Control, Data Reporting, and Intercalibration for Trace 
Metal Analysis . The Contractor shall establish and operate 

under an analytical quality control program. As a minimum the following 
considerations should be addressed : All laboratories performing analyses 
for trace metals shall be required to analyze an appropriate number of 
labware and reagent blanks, and report the levels of possible contaminants . 
In addition, procedural blanks shall be employed throughout the analytical 
process, and any gross contamination thereby recognized and eliminated 
prior to further sample processing . 

Where more than one laboratory is involved in the analytical effort each 
laboratory shall establish the accuracy and intercomparability of results 
by analyzing appropriate National Bureau of Standards (NBS) standard ref-
erence materials, such as bovine liver and plastic clay, and comparing 
the results of the analyses . Laboratories shall make exchange samples 
of various types, analyze them independently and compare results . It is 
understood that each laboratory will also use suitable numbers of cali-
bration and reference standards to calculate concentration data from . 

For AAS analyses, the matrix effects should be evaluated and compensated 
for through use of the standard additions technique . Also, absorbances 
should be corrected for false absorbance at the analytical wavelength 
via use of an internal background corrector and/or use of a nonabsorbing 
wavelength . All AAS analyses should be performed according to the indi-
vidual instrument manufacturer's specifications, except where the 
results can be significantly improved through optimization techniques . 
In any event, the instrumental settings, and operating conditions shall 
be reported . 

Both instrumental and procedural detection limits, as well as analytical 
sensitivities shall be reported . Precision shall be reported as ± one 
standard deviation unit for results from a minimum of five (5) subsamples 
of a homogenized sample . 

Results of all analyses for trace metals in biological samples shall be 
reported in mg per kg (ppm) on a dry weight basis . Weight loss upon 
drying shall also be reported in order to ascertain wet weight values 
as well . 

Results of all analyses for trace metals in particulate samples will be 
reported as dry weight of the metal per volume of water filtered in 
micrograms per liter (ppb) . 

Results of all analyses for trace metals in sediment samples will be 
reported as mg per 1 kg (ppm) of sediment on a dry weight basis . Weight 
loss upon drying shall also be reported . 

Trace metal concentrations not detected by any technique used will be 
reported as less than the experimentally determined minimum detection 
limit, stated to two significant figures . 
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The Contractor shall report and document results of all analyses of 
reagents, blanks, standards, and interlaboratory comparisons . 



 
The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources.  This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; 
and providing for the enjoyment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care. 
The Department also has a major responsibility for American Indian reservation communities 
and for people who live in island territories under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) 
primary responsibilities are to manage the mineral resources located on the Nation's Outer 
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian 
lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally 
sound exploration and production of our Nation's offshore natural gas, oil and other mineral 
resources.  The MMS Minerals Revenue Management meets its responsibilities by ensuring the 
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and 
production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially 
affected parties and (2) carrying out its programs with an emphasis on working to enhance the 
quality of life for all Americans by lending MMS assistance and expertise to economic  
development and environmental protection. 
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